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§L-a. FORMXJUE OP THE ABSOLUTE UNIia* 

L Furdofmamud tinU^ 

Centimetre for Length. Graoame ^U^ Second for Time* 

Length in Centimetres ^ L ) qe| S 

Mass in Grammes ^ ^ r^ "i 

Time in Seconds ^.* ) 65 ^ 

fL jberived Medimical Um^ 

Velocity... V«*ip 

Force ...F«^ 

LIM 
Work ...W«t|.^ 

3. Derived Magnetie Umti* 
Strength of the Pole of a Magnet . m «« L^ M* T'* 
Moment of a Magnet . ml\^l^W T"» 

Intensity of a Magnetic Fidd . . I « L** M* T*» 

4. Electro-Magnetio System of tJnUe. 
Quantity of Heetricity . . . Q«L*M» 
Strength of EJectrlc Current . . 0«L^m|JT:» 
Electro-Motive Force. • . . 'l&^lBmT^^^ 
Resistance of Conductor . . . R»L!I}^^* 

Capacity ^^'^'^ 

6. JElsOrcbSuaic System of iWt 
Quantity ome<*rlcity . . j=L^ MJT;;;^»t;Q$ 
Strength^ofjJectric Current . ^''^^* ^^^Tl'^ 
Electro-Motive Force . . . e«L* M* T^^afe- 

Resistance of .Conductor . . r«L"*T ©^ 

Capacity j 4 • • 1^**^ * ^v^'^ 

* See^iU©ita\nd Pbysioal Con8imth''-^Smm 
t^-lengtu between pole^ 
4 V.25 3 X 10^* ceuttmetres per secoad wmxipftUYely* aad is the xmQ of t&e 
B:iectro-magi^etio to the ElecttotstMioJQm^^lIAOHiy'' 



i»BACtlCAL ELE(?TSlC4li,CHlTg OF MEASUREMENT.. ^ ^ 

h. PfeACriCAL ELECTRICAL UNITS OP MEASUREMENT 

(Britii^ A^$0Qi(^{on and International Congress of EleGiridans, 
Hrw^ 1881.) 

i. Fgr ei^ctrioal meastifetnents tjiie ftmdamental unit^^ ili^ 
centimetre (for length), the gramme {iot fiiftss), and the second 
(for time), forming the C.G.S. system, are adopted. 

2. Besistaiicc:»(B)'^Ti£Qhm is equal to 10® C.G.S.* units of 
resistajice. It is ^^^^ the resistance of a column of pure 
mercury l-QfJZi m^trfiS l&ng^ 6f a square millimetre section, at 
the temperature of 2SJ55 Centigrade. The Megohm *= one million 
ohms. . The 8i«iiieti9 WL^^uitj ixnu (length 1 metre, section 1 sq. 
mm. at O"" C.)^0-94l3S 6R^jt 

The above are according to Lord IU.yieigb'8 latest determinations, as given la his letter to 
the Paris International Conference duElectric Unlt8,.0ct. 1882. One mercory unites 0*95112 
of the B. A. unit, and one 6.A. uxxit -» 0*98651 of the tme ohm. 

3. £|ectroniotlT/oF9r4:e«(E).— TbeTolt is equal tO IQ^ C-O.S.^ 

units of electro-motive fofce, or about 8 per cent. les$ than 
the E.M.F. of a standard 'Danieirs cell. Electro-motive force is 
equivalent to the difference of potential between tvo points. 

4. .Carrciit=*(C).— Tl»« Ampcwe is equal to 10"^ C.G.S.* ttnitS of 
current. It is lie cun^isat produced by a volt througn an ohta. 

Ohrn'B Uw...Carwnt=lS2i^2^^Il^, or C-J 

jElesistance B 

0. 4iuuittC7^(Q).^'£he Conlpmb is Qqual to 10^^ C.G.S.^ units 
of quantity, tt is the quantity of electncity given by an ampere 
in a secona. 

6. Capecitr«(K).— Tbe Farad is equal to 10"^ O.Q.S.* units of 
capacity. It is the capacity defined by the condition that a. 
couloQib charges it to the potential of a volt. 

A microfarad a? {mfd,)^\Qry^ O.G.Si* units of capacity, or onie- 
miilionth .of a Farad. .i 

1 7. Power s(I*).^The Watt is equal to 10^ O.G.S.* units of 
power. It is the power conveyed by a current of as ampere throjigh . 
a conductor whose ends differ in potestiftl by a volt ; or, in other 
words, the rajbe of doing work when an ampere passes fhroiigh an 
ohm, and it is equal to lO'^^ ergs, or a JoMlc per second (y^ir ^^ * 

horse-power nearly). Z. E x = Watts, and „.^ = horse-power. 

t 8. . Veat oir Work =± ( W).— The JToute is equal to 10^ C.G*.S.^ unitS 

of work Or ergs. It is the work ioix% or heat generated by a Wat4 

• Electro-magnetic system. 

tTwQ units proposed by Dr. Siemens, at British Association, 1882f and 
likely to be adopted in practice. 



« JBLECTRICAL TLVLES, TABLES^ AKD FOBMULiB. 

in a second — {.&, the work done, or heat generated in a second by 
an ampere flowing through the resistance of an ohm, or the heat 
generated by a coulomb running down through a difference of 
potential of 1 volt. It is therefore the amount of heat equivalent 
to 1 07 ergs. Assuming Joule's equivalent = 42,000,000, it is the heat 
necessary to raise '238 gramme of water V C, or approximately 
rpVry ^^ t^® arbitrary unit now in use of 1 lb. of water raised 
1 G* 

c. MECHANICAL UNITS. 

1. Accelemtion is the rate of change^ of velocity, and may be 
either positive or negative. 

2. GmTitf .— The acceleration of a body falling freely under the 
action of gravity in va&uo, p'?bnoted by (g). 

The value of (g) in 0.^<S. units at any part of the earth's 
surface is approximately =» 981 (at Greenwich = 981-17); or 32*2 
foot second units. 

3. Force.— The C.O.&v;irmt of force is. called iKe dyne: It is 
the force which, acting apon a gramme for a second, generates 
a velocity of a centimetre per second. 

4. Work.— The G.O.S. unit of work is called the erg. It is 
the amount of work done by a dyne working through a distance 
of one centimetre. 

5. EnergF.— The O.G.8. unit of energy is also called the erg ; 
work done being equal to the energy expended.. 

6. Work exprowed In GraTltatlon Aleaiiare; 

One gramme centimetre =a (g) ergs =- 981 ergs. j 

.*. one kilogramme-metre = 100,000 (g) ergs. 

One foot-pound = 13,825 (g) ergs, 

» 1-356 X W ergs = 13*56 million ergs. 

7. The Unit Bate of Working is one Gtg per Second. 

Wau*s *' Horse-power" s33,OO0i foot-pounds per minute = 550 
foot-pounds per second s 7*4^ x 10^ ergs per -second » 7,460 
million ergs per second. The equivalent electrioGJ energy of a 

horse-power ss~^P (where E^ electro-motive force in volts and 

C = current in amperes). 

The French ^ farce de chewil"zi75 kilogramme-metres per 
second «? 7'36 x 10® ergs per second = 7,360 million ergs per 
second. 

d. HEAT UNITS 

8. Heat (H). — ThB unit of heat is the amount of heat required 
to raise one gramme of water from 0** to 1** Cent. 

9« The Qiechanical equivalent of heat (see Proceedings Royal 
Society, vol zxvii., p. 38, by Joule) =772*55 foot-pouncb at. the 
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sea level of Greenwich for each d^ee Fah. in a pound of water 
«K 4*1624 X 107 ergs per gramme degree Cent., say 42 million ergd, 
generaUy represented by letter (J). 

10. The neat OeaemMa in time T (seconds) by a current 

C?RT EOT 
through a leire of resistance R is Z' = ■ • {gramme degrees), 

trhere Jct4-2xl0^ and C, R, and E are expressed either in 
absolute electro-magnetic or electro-static units, 

For practical use When'C is amperes, R ohms, E volts, and 
T seconds, the heat generated in time T «= C2 R T x 0-2405, or 
E C T X 0*2405 gramme degrees. 

e. LIGHT UNITS. 

1. Tii« Engiteh unit of light is the light given out by one 
sperm candle burning 120 grains per hour; (six candles weigh* 
ing one pound). 

2. oir. Tcrnon Horconrt's Standard flame equals the average of 
one English standard candle. It consists of an air-gas flame, 
2^ inches in height, rising from an opening ^ inch diameter. 

Mixture of air and pentane : 576 volumes of air to one of 
liquid pentane at CO"" Fah., or if both are in form of gas 20 of 
air to 7 of pentane. 

3. The French nait of light 13 the light given OUt by onO 

Carcel burner, and equals 9 '3 English standard candles. 

§ II.— ELEOTRO-CHEMICAL EQUIVALENTS. 

I. ^anantitaUre K41W* of CiectMirsiiu—I. The amount of chemical 
action is equal at all.points of a circuit. 

11. The quantity of an ion liberated at an electrode in a giv<en 
time, is propoH;iOfial to the strength, of the current in amperes. 

III. The quantity of an ion liberated at ai;i electrode in one 
second, is equal to the strength of the current multiplied by the 
"electro-chemical equivalent" of the ion. 

a;±i{he electro-chemical equivalent (see Table Z. col. 6). 
tr=^the weight in grammes of the ion (or element) liberated; 
then 

totzCTz^Qz. 

The above rules, a9 may be inferred from law (I.), apply not only 
to the decomposition in a depositing bath, or outside^the battery, 
but also to that taking place inside the charging battery itself. 

* See ''Magnetism and Electricify," Art 211, Sylvanus P. Thompson, 
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2. 'l^dlii9iuitioti« '^Whenever aa electrolyte* is decomposed by a 

fCUftsnt ct electricity, the resolved ions have a teadency to 

reunite, thus setting up an opposing electro-motive force to the 

< decomposing* current Thla tendency to reunite is commonly 

termed ,," chemical affinity." , The electro-motive force ot the 

decomposing current must therefore be greater than that due 

to the. chemical a£Ginity pf the resolved ions. For esiample^ 

when water is decoipposed by a current of electricity iiito its 

constituent ions, oxygen and hydrogen, the opposing electro* 

motive force due to the chemical affinity of these two gases' is 

about 1*5 volts; therefore no battery can decompose water unless 

it has an electro-motive force at least greater than 1*5 volts. 

3, BlecfrolTsto.— If Q = the quantity of electricity passed throuj^h 

an electrolyte in C.G.S. units^ 

E =s the opposing electro-motive force in C.G.S. units, 

Z s the electro-chemical equivalent of the ion deposited p&t 

C.G.S. unit (see Table I. col. 5), 
H » heat of combination in gramme degreed of the ion in 
question with the other resolved ion (see. Table 11^ 
col. 3), 
J » Joule's equivalent* (42 x 10«), 

Then the amount of work done = EQ = QZHJ« Joule'9. 

.% E ^ZKJ,* 

Or, the eleeir(Hnot{(oe force of amy chemical reacHon is equal tOjA^ 
product of the dectro-chemical eqtdvahnt of the separated ion into 
the heat ofcombinaUon expressed infitmUmerUal units or ergs.i 

The principle and action of Secondabt Battebiss depend 
upon the above laws^ and rules. 

One ampere decomposes '0000945 gramme of water per 
second, liberating -0900105 gramme of hydrogen, and •OOOOodO 
gramme of oxygen. 

The amount in grammes of any other ion liberated from an 
electrolyte in one second by a current of x)ne ampere is given by 
the electro-chemical equivalent of the ion. The elifectro^emical 
equivalent of any element is found by multiplying iW chemieid 

equivalent (or ?i£^?l^^) by the' equivalent for' hydrogen, 
vi^r -0000105 (see Table I. col. 5). 

• To express B in volts, divide by 10®. , , • 

+ For exaiDple ^-^Jn decomposing water we can calculate the Oppea^g 
E. li. F. that will be wt np by the hydrogen tending to unite with the oxyge^ 



JC M. F. that will he wt np by the hydrogen tending to unite witnineo. 

By formula £ = ? H J (see Table L for Z, and Table IL for H and J), 

. •. E *5 000105 X 34000 x 42 x 10« =000105 x 1 43 x lO** = 1-6 x 10* = C.G.S. 

units of E.M.P. . •. j?*** 1*5 voltd. In the same way we may calculate the 
opposing' E.M.F. set up itf charging any secondary battery, or effecting any 
x^cul^ electrolysis. 
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T^tB L^TaBLB op 'ElBCTEO-CfiigJItCAt B0tTIV4LENTS, &a 


(From Syl 


vanus P. Tho©p900.) 




1 


3 


3 


4 


£leetr(M:h6ttifcal 




Atoinio 


Val- 


Chemical 


Eqalvaleot 
<gr^mme8 




Weight 


ency. 


Eqatralent 










per<SoulQ©b).^ 


JSiectro-pdHtive-^ 


• 






2. 


Hydrogitti, 


1- 


1 


1- 


•0000105 


PotasQituiQ, 

Sodium, .... 


391 
23- 


1 
1 


^'} 


«^ 


Gold. . . . , 


196-6 


3 


65-5 


-0006876 


Silver 


los- 


1 


108- 


-0011340 


CJopper (Cupric), 


es- 


2 


315 


•0003307 


„ (Cuprose), . 


63- 


1 


63- 


•0006615 


Mercury (Mercuric^ 


200- 


2 


100- 


•0010500 


„ (Merouroae), 


200- 


I 


200- 


|O02lOQO 


Tin (Stinuic), . 


118- 


4 


29-5 




,. (Stannose), ; 


118- 


2 


69- 


•5556196 


Iron (Feitic), . 


66- 


4 


u- 


•00Q1470 


Zinc 


66- 


2 


28- 


•0002940 


69* 
66* 


2 
2 


29-5 
32-5 


-00O3O97 
•0003412 
•0010867 


^Lead, .... 


207- 


2 


103-6 


Sieetro'Tiegative-^ 










Oxvgen, .... 
JpQ^nei • • « • 


16- 
36-5 
127- 


2 
1 
1 


8- 

35-6 
127- 


-0013335 


3?rpmme^ .... 
1 I^itf0|5en, 


80- 


1 


80- 


-00084OO 


u- 


3 


4-3 


-0000490 



Tabub I1.--^Hbat akx> Bnbbot of Com^ikation vfrrm EKBBOTt 
(From Everett on Units.) 



1 gramme pf 



Compound 
formed. 



Gramme-degrees 

of heat produced 

-Th.) 



qmralan 



Bqi_ -_ 

JSpergy.lnerg^ 

•■(ttJ.) 



Hydrop[en, . 
Carbon. 
SjJpbjr, 4 
)09pboru8, 




.Cfrb6irtt0o»db, 
Marsh-p^as, . 
Pletia»tga3, 
Alcobol, 



ZnO 
FesOi 
SnOa • 

CuO 

COgandHsO 



34000 

8000 

2300 

5747 

1301 

1676 

1233 

602 

2420 

13100 

U906 



AP 

AF 

AF 

A 

A 

A 

A 

A 

AP 

AF 

AP 



I^SxlOJ' 
3-36x10" 
9-66 xlO'^ 
2-41 X W^ 
6-46xl0'» 
6-62 xlO'* 

•I :' 

l-0JxlO^> 
6-60 „ 



* The electro-chemical univalent in gramineg ]p0r 
10 times f, because a oovlomb^^i^r of the C.G.S. unit 
• ¥ ColutoB 4 is obtaijSlisd by Jftultiplylng the corresf 
li by JoQleil o^val^Kit Xh*4!i ^ IQ% since 1 gnx$m 



C.0.$. unit, or Z eqwt 

c^qtiautity. 

[)pdwig figures i» ootown 

deg)^o?heat«^xro^ 



ELECTRICAL BULE8, TABLES, AND FOBMULJS: 

Table IL— eoiKtiMtf^--C(>MBTT8iioir xk Chloeikb. 



1 


OonponftA 
tomeAi 


-tfl.) 


' Edoiialflnt 
E«n^erg» 


anc, » . • . 
Iroii|i '• • • • 
Tm, .... 

Copper. 


HDl 
KGl 
ZnOt 

8aCl4 
CaClf 


23000PT 
12655A 
1529 A 
1745 A 
1079 A 
991 A 


«-66xl0" 
112 .. 
6-42xl0»» 
7-33 „ 
4«3 „ 
4t)4 ., 



The xnimberE in the last colnnm are tho products of the 
numbers in the preceding column by 42 millions. 

The authorities for these determinations are indicated by the 
initial letters A (Andrews), F (Favre and Silbermann), T 
(Thomsen). iWhere two initial letters are given the number 
adopted is internkediate between those obtained by the two 
experimenters. 

{IH-^ELECTBICAL MBASXTB£HENTa 
a. tmBAlSTOmrs BALAKC& 



Wheatstone'a bridge 
or balance consists 
of four separate 
resistances^ a^ b, R, 
and X, an-anged as 
shown in the theo- 
retical diagram (fig. 
1), with battery R 
galvanometer G, and 
keys E^y EL^ 



a;=the unknown or the resistance to be measured. 

a and b two fixed resistances. 

Baa variable resistance which ia ad[ju8ted until, when Ei 

and K^ are depressed, no deflection is olMierved on 

galvanometer (CT). 

* See footnote^ page Ih 




PRAOnOAL F0BH8 OF WHEAT8T0NE BBIDOB. ^ 

Then the following ratio exists — 

a : ( : : B : Ar« 

or ax^bHf 

or the products of the opposite sides of the bridge are alwajrs 
equal to each other, 

a 

Shotild the resistances a and b be equal, the value of a; is read 
at'Onee from R; should they, however, bear a certain ratio to 
each other, such as 1 to 10, 1 to 100, &c, or 10 to 1, 100 to 1, 
&Ci^) must be multiplied or divided by that ratio. 

Wben further accuracy is desired than can be obtained by 
the ratios of a to b at disposal, note the galvanometer deflections 
to left and right, with the lesser and greater resistances in (R) 
respectively, and calculate by porportion the excess of the true 
resistance over lesser. 

For example, let a a 10 and b = 1000, and let the true resistance 
of {») lie between 6*11 aiid 5*12. If with R.^511 we get G 
divisions to left « (ij), and with R « 512 we get 12 to right =s {d^. 

Then (di + d^):! : :di :y, 

U. (6 + 12):l ::6:y«-S. 

••.aj«511$ 
This method is very often used in practice with a^b instead 

©fustog2«^orT8^ 

When taking the copper resistance of a submerged oable^ if 
earth currents are present always balance to cable or earth current 
tsertK 

h. PEACnCAL FORMS OF WHEATSTONE BRIDGE. 

1. Slide Wire or Mstbe Bridge. 

It ^ X 




Fig. 2. 

* For an investigation of the best conditionB for making a test, see Eempe 
on *'^ectrical Testing," chap, vii., p. 119-132; Heaviside, PhtL Mag,^ 
YoL xlv. 1873,p. 114; Gray,P/i«. Mag,, Oct 1881 ; Chiyatal, '•EUctridty,'* 
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8uDE WiBJS OE Meteb Bbidge, Plan of ComnBonOHfli 
For measuring the resistanoe of short lengths of wira 




Tig. 3.* 

Although great accuracy is not obtainable by this kii;Ld of 
bridge, as its working depends upon the assumption that the 
-wire a.b is of uniform re^tance throughout^ it is nevertheless a 
▼ery useful form of bridge for the workshop, and is generally used 
in connection with a horizontal needle or tangent galvanometer 
(G), and Daniell's or i>e la Rue's chloride of sUver battery (J3). 

2. Post Office Pattern of Wheatbtonb Bbidgb and 
Besistancb Box. 




B 

Kg. 4.* 



PBACnOAt. FOBMS OF WHEATSTOKE BBIDGB. 



11 



Z. Dial* Pattben of Whbat8toi?b Bridge and Besistance Box, 
1 ^4 




Fig. 5. 



2< 



Planof abovor 



i a 



. >1 








Ohm* tfftk joSOfhnitt <^, JO ft^7ni> '^ac% lOhm ettrJt 




4< 



>l 



Fig. a 



In this form of bridge and resifltance box, tbe vesidtances are 
brought into circuit by the introduction of the plugs into the 
holes, which is the opposite of that in the Post Office pattern. 
It is therefore easier to read off from. The infinite resistaiipe 
plug (INF.) between 2 and 4, or 1 and 1, must be removed when 
takmg resistance by Bridge method. 

Note.— All letters and nnmbers in Figs. 2, 3, 4, 5, 6, 7, 8^ aad^9> are thQ 
0«m6 as in thepretical diagram of Wheatotone Bridge, fig. 1^ 



12 electrical rules, tables, and formula 

4^ Sir William Thomson and Mr. Varlbt's Slide 
BssisTANCE Coils. 

General View, 




Pig. 7. 

Plan with internal and external connections, joined up as an 
ordinary bridga Same letters and figures as in Fig. L 




Kg. a 



The above fig. (7) gives a general view of the sUdes,^ fig. 8 
apian with connections for testing the resistance of wires or 

* See footnote, page 11. 



8LIDB BfiStSTAKOB COltS. IS 

cables on closed circuit, and fig- 9 a geometrical plan of the 
fkli of potential. in the slides, with the connections used in 
testing sabmarine cables, either for copper resistance or insulation 
during or after submersion. 
The slides rsplaoe two arms of the Wheatstone bridge (a and b, 

see fig, IX and the ratio * b varied, not hj inserting or taking 

out plugs, but by simply turning one or both of the handler 

In the left-hand box (figs. 7 and 8) we have the slides propter, 
consisting of 101 coils of 1,000 ohms each, or a total of 101,000 
ohms, and in the right-hand box we have the vernier or sub* 
dividing slide, consisting of 100 coils of 20 ohms each, or a total 
of 2000 ohms. The double contact pointer, which is free to be 
moved from end to end of slide (is., from to 99 on one poinier 
and 2 to 101 on the other, or over 99 coils of 1000 ohms each, 
».e., over a total of 99,000 ohms on either pointer), embraces two 
coils (2000 ohms), but being atUched to ends anci 100 of the 
vernier slide, it thereby introdooss an eoual resistance (2000 
ohms), thus making the abselute resistance oetween the pointers 
equal to 1000 ohms, or the total resistaQ^e between the points 
1 and 2 (figs. 8 and 9) of 100,000 ohms; for let 

G • resistance between pointers A' » 2000 ohms, 
8 a resistance between and 100, or vernier slide » 2000 ohms ; 
ihtn, by shunt formula .the joint resistance between two contact 

n^.nf^*. Ai GS 2000x2000 iAnA«i.«o 
pouiters. Ai.^j-g=^ggg_^==1000 ohms. 

Part of the current from battery (fig. 9) therefore flows on 
short circuit through this 100,000 ohms resistance, and the 
remaining part through the resistance B and cable {x). 

9.^ How TO TAKB A TSST WITH SLIDES. 

In taking a test of a cable, either for copper resistance or 
insulation, all that has to be done is to introduce a suitable 
resistance B, and move the slide handles until no deflection is 
observed on the galvanometer (when earth-currents are present 
balance to earth current zero). Then read the number on side 
of slides from zero marked a (fig. 9), and work out the following 
equation. 

If B a resistance introduced in position B. 

a Breading on slides, ».e., from O to first pointer on left* 
hand or double pointer slide, plus O to sin|;le pointer 
on right-hand slide'; see example, p. 15. 

6^=10,000-0. 

» a resistance of cable to be found. 
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6. Geohbtbical Flan of Slide Besistakce Ooils^ wifH OoKKEortofl 

FOE COPPEB BESISTAKtUi AKD IkSULATIOS^ 




>Eartfc 



Fig. 9. 

^ote.— The same letters and nombers are used for Qg. 9 as In fi|^ 1, but ibo 

position of Qalvanometer and Battery are uterohangeaL 

Then by rulef for Wheatatone bridge^ viz. «i--the product of the 
opposite sides of tbo bridge are equal (seS p. 8 and fig. 1)> we get 
a:b :: R :M, 
te., a:(lO,000-a)::Il:fl?, 
ie., a»* (10,000 -a) R, 



^^(i2^)R^(]m-i)K 



We have therefore only to look up' for the reciprocal of the 
reading (a) in Barlow's or other tables (for reciprocals 1 to 1000 see 
pp. 1 to 30), multiply it by 10,000, subtract 1 and multiply by R 
to get X. For copper resistance tests R may conveniently be token 
as the nearest mmtiple of 10 to the resistance of the cable or wire 
under test, and for insulation 1 megohm answers very Well. 

These slides are now very much used on cable expeditio&di 
both during and after submersion. 

* For Insulation test Free Cable. * For Coppo^ Resistance todt Sarih Ca((^ 
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Example.'^The reading (a) on the slides (fig. 8} is 9532^ 

/. b = (10,000 -.a) = (10,000 ^ 9532) « 468. 
If B 8 1000 obms, then by formula 

,.(JM«L-.)B.(^-,),,ooo.«^.to» 

For the reciprocal of 9532 (or gJU) (seetables,p.29):a 000104909^ 

.•♦000104909 X 10,000^.1^04909; (1-04909-1) 1000a 49-09* 

6. TCO MEASURE INSULATION OF CORE OR CABLE BY DIREOT 
DEFLECTION. 

With Sib William Thomson's Mibbor Galvahombtsb. 

If { 3ft length of cable in knots. 
B a constant resistance in megohms. 
Qe galvanometer resistance in ohms. 
6 s resistance of shunt in ohms, used with res. B. 
A as deflection with full battery through res. R 

f 2 J ssmultiplying power of shunt. 

^2 -deflection with cable iising no shunt. 

The constant of the galvanometer (unshunted)=B.rfj f ~iij 

Abs^tttte laMlation •f 'cable in.megohms = ^, 

constant /t>^/'® + ^^ 



d. 



'-( ^<P ) 



Vor. iiualatioii per knot multiply absolute resistance by length 
in knots.f 

c MEASUREMENT OF ELECTRO-STATIO CAPAClTy. 

Sib William Thomson's Method. 

This method is now almost universally adopted in com^aHng 
the capacity of condensers, or cables with condensers, bothun the 
£Etetory and at cable stations. 

* The tests and calculations for resistances by slices ate thus vety easily, 
accurately, and quickly made. 
^ See Tables IX., X., and XI., for tests of recently submerged oaUe; 
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TABLE OFDETAIIA 

B = Battery 

El = Variable Be8l8t«io6» 

B2=* Fixed „ 

£ s Earth. 

O s= Galvanometer. 

Fi = Standard Condenser. 

Ffis Cable or Condenser to bo 

measured. 
K 2, 3, 4, 5s:Keyik 



Eree 



Fig. 10. 



Explanation of Fioube and Test. 

1. Close key 1, then the poles of a well insulated battery 
(B), of from 1 to 10 Daniell or chloride of silver cells, are joined 
together through two resistances, Ej and R^* ^ eartL 

Then, if Vj and Vg = *^® P^*'®^*^^^ at the points of junctioi^ 
of the battery with the resistances E.^ and B2, we have 

2. By closing keys 2 and 3 simultaneously for a fixed timoi 
the condenser and cable are charged to potentials V^ and V^ 
respectively. 

If Fj and Fg be the respective capacities (in microfarads) of 
the condenser "and cable, and Qj aud Qg the charges given 
to them. 



Qi'.Qj-.VjF, 



v^f;. 



3. Upon releasing keys 2 and 3, close key 4 for a fixed time^ 
80 as to allow the charges given to condenser and cable to mixp 

* Rs being a fixed resistance, and R^ varied by trial, until no deflection 
^ got through galvanometer. 
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tlien if Qj s Q2, upon briivging the galvanometer into circuit by 
closing key 5, diere will be no deflection. 

AndViPi^VjPa^ 
orV2:Vj::Fi:P,; 
but from (1) we have 

V, :Vt::It2:Bi, 
•*• B) : Bx t ; £^ :. F^ 

te., (capacity of cable) P,fc&Pi (microfarads).* 

Mr. Lambert baa lately designed a special key for taking this 
test. It does away with the necessity for using the four seiMunite 
keys 2, 9, 4 and 6, and^ensures greater certainty. It will at 
once be understood from the diagram. 

Lambert's "Kbt poe Thomson's Capacity Test. 




% 

. Kgvll- 
I9ie letters at the ends of the leading wires ia Vig. 11 indicate the parts 
in Fig. 10 to which they have to be attached* 

By poshing forward key button K the two Condensers (or Condenser and 
Cable), Fx and Fs, are sunnltaneonsly chard;ed, and upon drawing it back 
their charges are aJlowed to mix ; then by aepreBsing key K, the galvano* 
meter is broaght into circnit. 

In testing short letigtbs of core, say one-knot pieces^ in ibe 

rtapercba frctory, it saves calculation; if Its«6000 ohms i&nd 
.3*6 microfarad, then the capacity can be read off directly t6 
four places of decimals from Bj. If testing three to |bur ki^o^ 
lengths, Ba may conveniently be made 6<juiil to, 1000 obms/and 
F^al microfarad^ 

When testinff long submerged cables x>f, say^^ tOOO kndtd x)r 
)nore, B, may be » 1000 obms, and Fx« 100' microfiBtra.4il, F^ 
being composed of the large signalling condensers used at calble 
* See example^' ps^^ 18. 
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Stations with siphon recorder or mirror. F^ is first carefully tested 
and adjasted by comparing it with a standard condenser. If 
earth-currents exist, free aable by a special key immediately 
before discharging condenser (E,) through galvanometer, taking 
the mean of several + and — readings. 

In order to get uniform ^capacity tests bythiys nSethod, it is 
well to adopt some fixed tfme of charging and mixing, because 
condensers of 'different materials, such as a standard shellac mica 
condeiLser with a condenser of paraffined tinfoil, br a condenser 
and a- cable, have different rates of absorption. 

Dr Muirhead recommends, when comparing small capacities, 
say a standard ^ to 1 microfarad shellac-mica condenser with a 
10 to 20 micro&rads paraffin-tinfoil one, a charge of 15 seconds, 
and a mix of 4 seconds. With a long cable of 1000 knots the 
author has found a charge of 5 minutes, with 10 seconds for 
mixiajfj tode-very well. 

Bznmple. — Gibraltar-Malta Cable, tested at Malta by A. Jamieson. 
LeDgtiisI12(> knots.; iDsnlation Resistance, 5th minnte=1490 megohms 

f^r knot; Total Copper Resistance =11,293 ohms., or per knots: 10*0S3. 
IS 100 microiiArads of signalling condensers, carefolly tested in portions of 
about 20 mfds., and then finally adjusted to a total of 100 mfds. by com- 
paring with a 1 mfd. standard condenser ; F2= total 'capacity of cable to be 
zotma; Es.s? 1000 ohms fixed resistance ; Ri =3846 ohms (bemg a mean of 5 
oltfemat^ tests with 10 cells, copper (+) and einc ( - ) to cable), in order to 
ehmioate the error arising from earth or cable corrents. A very sensitive 
astatio minor galvanometer was used. The cable and the 100 mfds. 
condenser were charged simultaneously for 5 minutes, then allowed to mix 
for 10 seconds, both beinff earthed for a few minutes between each ( + ) and 
( - ) test, in order to discharge them. 

By formnU Fj^g^ Fi= ^ 100=384-6 microfarads. 

A similar test from Gibraltar endive 0*343 microfarad per knot. 

d MEASUREMENT OF POTENTIAL.* 
Electeo^motivb forces. Laws's method. 

The electro-motive force of a battery is jbbe difference of the 
potentials at its poles when those poles are free. 

L Join up standard battery with discharge key and condenser 
f4 to 1 microfarad)) charge condenseV by depressing key, and 
discliuurge it through galvanometer by releasing key > note de« 
fleddon and resistance of shunt Si used with the galvanometer 
of resistance, O. 

*' For other methods^ see "Electrical Testutig," Kempe, chap. xL ; "Elec* 
local Tables." Clark and Sabine, pp. 90-94^ 
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2. Introduce the battery whose E. M. P. is desired in place 
of standard battery, and effect the same operation, adjusting tha 
shunt to «2^til the same deflection is obtained as in former case. 

Then, if E^ and Eg be the electro-motive forces of the batteries 

in volts G + 8, G + «a 
jsji ; J2io I 1 *■ z 

If we obtain a suitable deflection, using no shunt with standard 
battery, then obtaining the same deflection with other battery^ 

Ea = Ei^±3 (volts). 

Or,, the unknoum electro-motive force equals the knovm into the 
multiplying power of the shunts used, 

N.B. — When ^jomparing large with small eleetro-jnotive forces 
charge condenser with small battery first. 

8. BrSiides^^Seeflg. 9. — Leaving out the resistance R and cable 
X with their leads, place a standard battery of known E.M.F. with 
a single contact key between galvanometer (at 4) and earth. Let 
the current from Wger battery, whose E.M.F. is required, flow 
directly through the slid^ res; coils from 1 to 2, — similar poles 
of each battery being next slides. Then, depressing the short 
circuit key for an instant at a time, move contact pointers to 
right or left, until no deflection ik obtained on galvanometer; 
then the potential on*each side of galvanometer must be equaL 

Therefore, E2= — ^ — ^'E, (volts), a being the reading on slides. 

One of the ends of both batteries and end of coil 101 of slide 
res^ coils are joined together. 

e. BATTERY RESISTANCE. MUNRO'S METHOD. 

This is practically the best test for battery resistance. 

B = battery whose resistance 

is to be found. 
C = small ^ to 1 microfarad 

condenser. 
S = shunt wire in ohms. 
G = galvanometer. 
Kj, Kg = keys. 
rhftr^A^ tr ^^ W ^-^^^ ^^ taking test— 

l^^^^^""~f w JSr2 1 I^epress Kg and note defleo- 
I T r — ^ tion d^i still keeping Elg down 

V.6-J Ll LI LI Ll \X^ depress K^,. and note deflection d^ 

T> ^^ ^ reverse direction). 

B Then, r, battery resistance^ 

Pig. 12. =83-%. 



HKB-^ 
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J. JOINT TESra.* 

In the flEu^tory new joints, %fhen cool, are tested against doable 
their length of good core of the same size and mateimL 

1. The joint is plctoed (n a ihorattghly weU irmdaied Mfngh, 
containing salt water and Isopper plate with an insulated Md 
attacHed to a condetis^r. 'The joint is then charged witk^^TOO 
Daniell cells, further end being free, and the leakage tiirooffd the 
joint to the nlate and condenser noted after a half minute <^Btge, 
by the discharge deflection on a sensitive Thomson's astatic 
mirror galvanometer. 

2. Five to six feet of good core are treated in the same way, 
and if the joint is not worse than the core it is passed. 

Joints on board ship during an expedition are seldom, or ever 
tested, but they are made by thoroughly experienced and 
reliable workme'^ 

g. FAULTS IN SUBMEEQED CABLES.t 

frotedion of Conductor. — WhenflTor u futilt appo^r^i !n a oable, wbfoh does noc antlrelf 

Id powflF to 4 tnlntpiiren, tLud d euiLll *' pj-oLcg.ilTig bcLtbery " attach ad to Ujpj csod of c&bl? 
neircAt fUtuU e.h & T pleco^ wltli its ( - J polo iliud to itie junction bat wean cahln hdcI s]gt]&tnn^ 
eatideuiiL^ri, Rnd itis (-J-) pole to earth through & high reaifftaiioa [s^y 10^00)} ohm^. Thiu 
CiiEisifis a Eii?ga(.iTO c;urrcnt to flow conutantlj to tha ia.M\t. wh.lcih Iceepa ittla&a, and pniT&tits 
the couductcir b4!lng eiaton away at Vhfi ffiult by tha signsilJiTig aurrpoi;?. 

LoiaHtifjff Faufie^—Tim " breaking dawn " of & Jtigh raHiaijiucc, or Bmall fftii]L -with itran^ 
revorwliig cured ijita shomld! only be reirirted to iftar oTory other mathod of loKAHttttg [t has 
failed, AU audi traaUnout laa a grett Ifiitilt^ticy to proUuca othur faalts^ e&iHjuiaiJy it the 
titigin&l fault ba at & consfdorable dts<ane&. In allcaaaHt whau locaM^fog faults, obq ba email 
ft baltery power a& practlcabJo, JuBt sufflfli^nt to enjxblo tbo raslstauoe to or of tho fa alt to ba 
iIotortniDDJ witb tiiifunicy^ Nover dt^pondoiitiircl^ crpoti roaiiUs obtained wftli tijs (-f) pole 
Of the bskitirj to table., or witt obiorvailoBs latcn after tha rpsiktuuce of tho fault baa bt^rui 
to i^c^5afla Tirlrb the ( - ) pole to t^bla^ nince a (+) ouirent hiia thfl power of depositlce eopp^i' 
aalts at» and thereby lucrefl-aing tho reslstftncB of, llie faulit, while tha ( - )cnrrcni rediioft« and 
throwft off Ihese ij^lta, but Immfrllataty iheronfLer It bog Ins to ffenerate hydrogen, which oitQ 
cliDpB to, polarlsea, and iaQrefiBea tho ro«J*tftnco of tho fault It in thot^ufora beet in All cjksea 
• whero ttio fanlt make« earthy to charge tlrit^iihft {"|^) eurrent, and theQ to take obsorraUona 
wirh a ( -} current, noting, AB iBost correct, that obtained Itutu&dlatcly before ft suddea 
ti. ■;■■ ■■:■=:■;.:■■' :■!■ ■ J. ■ 2 'lU'o. The testiiig bstlory sbould bo very conatant, woU iDflola^ 
till. i:i.1 ..f i i-" rr.HiPtnn:j\ ^urh oa Do IftEuo'i cblorldo uf Bllver coila^ or gooO Dcmldli'flj with 
large well amalgamated ztpc plates. 

In all cases, bach as Varley*^ Loop and BlatlerX where it is adTlsaUe to halaace to earOi 
ar cable current zero, a sehsitlYe dead lieat mirror galvanometer is preferable to an equally, 
or even more sensitlTe astatic galvanometer. 

In all cases where the resistance'of a fault bears an appreciable ratio to tha abioiuU 

insulation of the cable, it is advisable to make correction for the appareht posittoki of the 

same by taking into account the position and resistance -of the ** natural resultant fault^ In 
. ^.-_TF._..^_^, .--_,.« ^.__- « — ^ ^..^-rr::..,^j^^^ 



of t^e natural resultant fault should be frequently obtained by a Varley*s KOT>fHid ordinacir 
insulation tetts. In dealing with long cables and faults of, say, over 100 onms resistaooew 
this correction is absolutely necessary before the true position' w the fiknlt oaabe arrlteaM 
with accuracy. 

. ♦ See "Electrical Testing,'* Kempe, ctap. xviii* 

* t l^or tests of Faults in cables, land lines, and short lengths of oore, see 
''Electrical Tables," Clark and^ Sabine, pp. 41-60; "Electrical Testmg," 
Kempe, chapb, ix« and xvl ; " Electndty mi Magnetism," JcT^ 
chap. zxY. 
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§ IV.-^. COPPER. 

1. The speciflc gniTifT of copper wire used for conductors is 
about = 8-899. 

2. One cubic foot weighs about 550 lbs., therefore one cubic 
inch = 0-32 lbs. 

3. The meiiing point of copper is about 2000** Fak 

4. The •irength of a wire or strand is 1 } lbs. per pound weight 
per knot — i.e., a strand weighing 200 lbs. per knot would bear 
300 Iba, and stretch from 10 to 15 per cent before breaking. 

5. The weight per knot of a copper wire is about -- lbs. : 
d being the diameter in mils., and for a strand yrtT^ mils.* 

6. The diameter of a copper wire weighing {w) lbs. per knot, 
is about 7*4 njw mils., and for a strand about 8*4 ^/w mils.* 

7. The resistance of a knot of pure copper wire weighing. 
1 lb. is 1192-45 ohms.at 75** Fah.» 

8. The resistance per knot of any pure copper wire, d mils. 

in diameter, is ohms at 75"* Fah. 

The resistance per statute mile (1760 yards) of any pure copper 

54-892 
wire, id) mils in diameter, is ohms at 60* Fah. 

From which we get the resistances of capper vnre per 100 yards 
at 60^ Fah. 

d^ (diameter in inches). 

96percent.=:223|65. 94 per cent. '5^ . 

ik^^r^^r.^ -003400 ^^ ^ -003478 

v2 per cent = — ^ — ; 90 per cent. — -^ — 

9. Th^ resistance per boot of a Cable conductor is equal to 
120,000 divided by th,e product of the percentage conductivity 
of the copper and its weight per knot in lbs. 

10. The Specific CondnctiTiif of pure Copper is taken as 100. 
The copper used for telegraphic and electric lighting conductors 
is of lower conductivity, or, in other words, of higher resistance, 
but ought never to be under 90 per cent, of that of pure copper. 

* The weight and resistance of a copper strand are hest found by 
multiplying the above results for one wire, by the number of wires composing 
the strand. A mil. = y^ of an inch, or *001 inch. 
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It can be obtained etjoal to 98, and many firms will goaraniee 
95 per centb 

11. The PcMctttgfiEe c^adacUHty of any copper wire is found 
by multiplying the resistance of a pure copper wire of thc^ 
same gauge and length by lOQ, and dividing the product by 
the actual resistance of the former at the same temperature. 

12. A wire of pare annealed copper, 100 inches in length, 
weighing 100 grains, has a resistance of 0*1516 ohms at 60^ 
Fah.; therefore the conductivity of any other wire, (/) inches in 
lengtJi^ weighing (to) grains, and having a r^distance (r) ohms, is 

^0-1516 xP^^^gQoj^) 

and the resistance =:221^15iLf (ohms at 60* Pah.)* 
w 

13. The Besirtmce •f €«np«r increases as the tiemperatnre 
rises, about 0*21 per cent for each degi*ee FaLt or about 0*S8 |>er 
cent, for each degree Cent 

14. The siMdard Tcnipawiwe for copper resistance is 5"^ Fah. 
To! calculate what will be the resistance at 75^ add to the log. 
of the actual resistance the log. opposite the temperature in the 
following table^ lY., and their sum =» the log. of the res. at 75\ To 
use the table for temperatures above 75"* take the same number 
of degrees below 75, and subtract the log. opposite from the log. 
of the actual res. 

:E.g.y let the temperature « 82% then 82 - 75 = 7 A 75 - 7 = 68. 
Keferring to table the log. opposite 68 = 00638, which subtract 
from the log. of res. in order to get log. of res. at 75. 

Ckrman siiTer Weighs about 530 Ib^ per cubic foot, specific 
gravity 8*5. 

A prism of German silyer one metre long and one square 
millimetre in section, weighs about 8*5 grammes, and its resistance 
is about 0-206 ohm. at 0** 0., and increases about -04 per cent, 
per 1"* C The resistance of a prism of German sUver one metre 
long, weighing one gramme, is about 1'75 ohms, at 0® C 

* Standard resistances^O'lSie ohnui at 60^ Fah., and samples of pp re 
copper wire of different gaajges are obtainable for measuring the specific 
conductivity of conflicting wires. All copper wire intended for tejegraphio 
or electric lighting, or telephonic purpojses, cQionld be carefully tested before 
being accepted. A portion of the wire to be used may be drawn down to a 
fine size, and tested by the ordinary Wheatstone Bridge and resistance c<»ls, 
care bein£ taken to note temperatures of wire and bridge, as well iLs length 
and weijgbt of former ; or Elliotts or Hocldn's meter bridges may bO used for 
larger sizes of wire (see figs. 2 and 3}« 
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TABLE IIL-^BB8I8TANCE AND WEIGHi; 
00PP£3t WUUB. 

(From "Th« Electbician.'^ 

The redstaoces toe calcQlated for pare copper viie. 

Tho nnmber of ftiet to the pound is only approximate for in»n1ate<1 mn^ 
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TABLE IV. 

RESISTAKGE AT DIFF£BENT TEMFERATUBE3 FAH.* 
FoBDB ^ Co. 



•5 


•6 


•7 


'? 


•9 


Beg. 


0-03872 


003863 


0-03854 


0-03845 


0^03836 


32 


•03781 


•03772 


•03763 


•03754 


•03745 


33 


•03690 


•03681 


•03672 


•03663 


•03654 


34 


•03599 


•03590 


•03581 


•03572 


•03562 


36 


•03508 


•03499 


•03490 


•03480 


•03471 


36 


•03417 


•03408 


•03393 


•03389 


•03380 


37 


•03326 


•03316 


•03307 


•03298 


•03289 


38 


•035^34 


•03225 


•03216 


•03207 


•03198 


39 


•03143 


•03134 


•03125 


•03116 


•03107 


40 


•03052 


•03043 


-03034 


•03025 


•03016 


41 


•02961 


•02952 


•02943 


•02934 


•02926 


42 


•02870 


-02861 


•02852 


•02843 


•02834 


43 


•02779 


•02770 


•02761 


•02762 


•02742 


44 


•02688 


•02679 


•Q2670 


•02660 


•02651 


46 


•02597 


•02588 


•02578 


•C2569 


•02560 


46 


•02506 


•02496 


•02487 


^02478 


•02469 


47 


•02414 


•02405 


•02396 


•02387 


•02378 


48 


•02323 


•02314 


•02305 


•02296 


02?87 


49 


•02232 


•02223 


•02214 


•02206 


•02196 


, 50 


'' •02141 


•02132 


•02123 


•02114 


•02105 


51 


•02050 


•02041 


•02032 


:02023 


•02014 


52 


D1959 


•01950 


•01941 


•01932 


•01922 


53 


•01868 


01859 


•01850 


•01840 


•01831 


54 


•01777 


•01768 


•01758 


•01749 


•01740 


56 


'•01686' 


•01676 


•01667 


•01658 


01649 


56 


•01594 


•01686 


•01676 


•01567 


•01558 


57 


•01503 


•01494 


•01485 


•01476 


01467 


58 


•014X2 


•01403 


•01394 


•01385 


01376 


59 


•01321 


•01312 


•01303 


!01294 


01286 


60 


•01230 


•01221 


•01212 


'01203 


01194 


61 


•01139 


•01130 


01121 


•01112 


O1102 


62 


•01048 


•01039 


•01020 


OlOll 


63 


•00957 


•00948 


•001^8 


-oms 


•00920 


64 


•0Q866 


•00856 


•00847 


•00829 


66 


•00774 


•00765 


•00756 


-0014:7 


•00738 


66 


•00683 


•00674 


H)0665 


•00656 


•00647 


67 


•00592 


•00583 


•00574 


•00566 


•00556 


68 


•00501 


•00492 


•00483 


•00474 


O0466 


69 


•00410 


•00401 


•00392 


•00383 


•00374 


70 


H)0319 


•00310 


•00301 


•00292 


•00282 


71 


•00228 


, -00219 


•00210 


•00200 


O0191 


72 


•00137 


•00128 


•0011« 


•00109 


•00100 


73 


K)0040 


•00036 


•00027 


•00018 


•00009 


74 



lQ«MlM>l«0,Beepk aSi^ll 
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TABLE V 

TABtE OP DlAMBTEES^ LBNOTHi I>1W PoCKD, AND RESISTANCES 

OP Pure Copfbe i»t> Gbbman SavEft Wires (at 60 Fah.) 



'^ 


Diameter. 


Rnmber of 
I pound. 


WeiffhUh 
IW. ori mile 
0760 yards). 


BesUtaaea 
of 1 mile of 


OtMiDChOS 


4} 


Indies. 
•2302 


Mini' 

metres. 
5-847 


2-095 


840-09 


1-00 


•00846 


6 


•226 


5-740 


2-175 


809^ 


1038 


•0088 


H 


•198 


5029 


2-834 


631DD 


1-352 


•01144 


7 


•183 


4-648 


3-317 


6S0'59 


1*583 


0134 


7i 


•175 


4-445 


3-628 


485^10 


1731 


•0146 


H 


•160 


4*064 


3-350 


I04*60 


2-068 


•01762 


• 
10 


•i36 


3-454 


6-007 


292-99 


2-867 


•02425 


101 


•128 


8-251 


6-781 


250-55 


3-237 


•0273 


12 


•107 


2-717 


9-705 


18135 


4*623 . 


0393 


121 


•10 


2-54 


11-11 


158-41 


5;30O 


•045 


13 


•092 


2-336 


13125 


134'40 


6-266 


•063 


IH 


•08 


2-032 


17-36 


10r39 


8-288 


•07 


15 


•07 


1-778 


22^67 


77-63 


10-82 


•091 


16 


•065 


1651 


26-29 


66-96 


12-25 


•104 


16i 


0625 


1-587 


28-472 


61-81 


13*59 


•115 


••• 


•06 


1-521 


30-864 


57-02 


14-73 


•125 


17 


•058 


1*473 


33-03 


53-29 


1676 


•134 


• •• 


iXe 


1-422 


35-432 


49-67 


16-91 


•144 


• •• 


•054 


1-371 


38-104 


4619 


1818 


•154 


• ••. 


•052 


1-32 


41-091 


42-83 


19-61 


-166 


18 


•05 


1-274 


44-444 


39-60 


21-21 


•180 


••• 


•048 


1-219 


48-225 


36-60 


23-02 


•195 


18| 


•046 


1168 


52-61' 


33-52 


25 06 


•213 


• t* 


•044 


1-117 


57-39 


30-67 


27-39 


«32 


19 


•042 


1-066 


62-98 


27-94 


80-06 


•255 


••• 


•04 


1016 


69-444 


25-34 


3314 


•281 


••• 


•038 


•965 


77-16 


22-81 


36-72 


•312 


»1 


•036 


•914 


86-766 


20-62 


40-92 


•348 


•034 


-864 


95-29 


18-47 


45-4$ 


•386 



OOPPBB« 

TABLE Y.-HsorUinued. 
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^% 


DiftmetOR, 


Namber of 
Tarda In 
1 pound. 


Ib&oflinUe 
(neoyarda.) 


BMlataaoe 
of 1 mile of 


BesiattMe 
of36inciiea 
of Oerman 
SUTet wire 
at W Fab. 
byEUiot 
Brotbera. 


ei 


Indies. 
032 


Him- 

metrafl. 
•813 


108-5 


16-22 


6W9 


•44 


2U 


•03 


•762 


123^ 


14-26 


68^ 


•6 


22 


•028 


•711 


141-72 


12*42 


6>-65 


•574 


23i 


•026 


•660 


164-36 


10-71 


78-46 


•666 


• •• 


•024 


•609 


192-9 


tfl2 


92-08 


•782 


2i 


•022 


•658 


229*56 


7-61 


109-58 


•931 


25 


•02 


•508 


277 78 


633 


132-69 


112 


26 


•018 


•457 


342^94 


6-13 


163*69 


1*39 


27 


:016 


•406 


434-03 


405 


2Q7-17 


176 


28 


•014 


•355 


569 -51 


3-09 


.270-58 


2-3 


30 


•012 


•305 


771-60 


2-28 


368-30 


3-23 


31 


Ol 


^ 


111111 


1-68 


630-35 


4*6 


31i 


•0095 


•241- 


123110 


1-43 


687-64 


4-994 


32 


•009 


•228 


1371-7 


1-28 


654-76 


5*565 


32J 


•0065 


•216 


15378 


114 


734'06 


6*239 


33 


•008 


•203 


1736-i 


101 


828^67 


7*04 


33i 


•0076 


•190 


1975-3 


0-8910 


942-84 


8*014 


34 


•007 


•177 


2267-6 


0-7761 


108^-4 


9-2 


344 


•O065 


•165 


2629-9 


0-6692 


1225-3 


10-41 


344 


O06 


•152 


3086-4 


0-5702 


14731 


12-52 




•0055 


•139 


3673^1 


0-4791 


1753^2 


14-9^ 


35 


•005 


•127 


4444^ 


0*3960 


21214 


18-032 


364 


•0045 


ni4 


6487-0 


0-3207 


(0619-0 


22-261 


36 


•004 


•106 


6944^4 


0-2534 


3314*7 


28176 


.♦••, 


•0035 


•088 


9070^3 


0*1945 


4329*4 


36*9 


•••. 


•003 


•076 


12346-0 


0-1425 


6892-7 


60-077 


••• 


•0025 


•063 


17777^0 


0099 


8435-6 


72-187 



To find the percentage o/eonduetivUy in a eampU qftpire^ pure cqpper Mng 
taken ad:=]O0, 

Pividd the resistance of 1 mile of pure copper wite of thd* ijame size 
(column 6), by the actual resistance of 1 mile of the wire tested (reduced to 
32" Fah.), and multiply by 100. This table is used by Elliot Brothers. 



SLECTBICAL UVLBB, TABLES, AND FOBMULA. 

(Ffiou <<Tfis Elbctbician.") 
VcUue of Copper Conductor at £85 per ton. 



in 
inobes. 


Sectional 
Area. 


Weight per mile. 


Cost per 

mUeat£8a 

per ton. 


Beslstance 
at 96% 


(4 






Tons. 


owt 


IhB, 


£ a d. 


Ohme. 




1=00 


•78M 


7109 


• •• 




604 


•0575 


... 


•707 


•3927 


3-554 


• •• 


••■ 


302 


•1150 


••• 


•500 


•1963 


1-787 


*•• 


• •• 


151 


•2300 


■•• 


•354 


•0981 


••• 


17-8 


... 


75 10 


•4600 


••• 


•238 




*•• 




864 


38 


at 98^ 
100 


4 


•220 


•• 




••• 


• •• 


775 


34 


116 


6 


•211 


•• 




••• 


••• 


705 


30 18 


1-26 


6i 


•203 


••< 




••• 


• •• 


660 


29 


1-36 


6 


•191 


*•« 






• •• 


680 


25 9 


1-5* 


6| 


•180 


%»* 




••• 


• •• 


615 


22 10 


1-73 


7 


•172 


••1 




••• ••• 


464 


20 8 


1-89 


7i 


•166 


••< 




••• ••• 


430 


18 18 


2-06 8' 



27o. 8 is the most conyenient for stretching easily and makiiig a neat job* 



§V. 



GUTTAPERCHA. 



1. Vhe flpecuie oraTiif of guttapercha Is between 0*9693 and 
0-981. 

2. One cable foot weighs between 6Q'66 and 61-32 lbs.; 
therefore, one cubic inch weighs between 0*560 and 0*567 
bances. 

3. Gaioipcveii^ mmOmam at 115*^ FaL, becomes plastic at 120% 
melt» at 212% aiid is fluid at about 266\ When exposed to 
the air, particularly at temperatures between 70 and 90^ Fah., 
it oxidises, becomes brittle, shrinks, and cracks; 

This is Tcrj noticeable in guttapercha leads, used at tel^^raph 
offices in tropical climates. 

Exposure to light hastexis oxidation. 

Oxidation and decay are hindered by serving guttapercha 
core' with tape soaked in Stockholm tar ; but the natural acid of 
the tlBor must first h^ removed, otherwise the insulation will be 
reduced. Guttapercha leads encased in lead tubing remain 
perfect for ^ears. Ko deterioration ia observable in guttapetcha 
if kept eoinJbmuctlly under water. 

£tfNreicii€d OattaperciMM as used for core, resists a strain of 
lOilHyibs. per square inch before permanent elongation takes 
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place, and breaks at about 3500 lbs. per square inch. Stretching 
increases the tenacitj of guttapercha in the direction stretched. 

1)2— {i» 

5. Tfce weishi of guttapercha per knot in any core is .q, » 

where Ds diameter of guttapercha, and <2 = diameter of copper, 
(both in mils.) 

6. VMe est«HMr 4taam^um of anj guttapercha core 



= V70-4 10 + 491 W mils., 

"where u^ is the weight in lbs. per knot of copper strand, and 
W that of the guttapercha. With a solid conductor the diameter 

» «y55 119 + 491 Wmils. 

7. The riec ftp t mm t u tmfmcHj per nautical mile of any gutta* 
percha core is appro^mately 

0-1877 , . , 

micromrads. 



lOgD-logrf 



8. The eiectM-ttaiie capacitf of guttapercha core, 83 compared 
with indiarubber core of similar size, is as 120 to 100 nearly. 

9. The iBMdaa^BHrMiMaiice per knot of a guttapercha core of 
the best quality « 769 (Log D -log d) megohms at 75'' Fah. 

10. The ffcttotaace of guttapercha tinder pressure increases in 
the foUowiug ratio* :•— 

Let B be the resistance at atmospheric pressure, the resist- 
ance under the pressure p lbs. per square inch 

«B(1 + 000023 p). 

IT. The vMitittace of guttapercha diminishes as the tempera- 
ture increases ; the rate of decrease is as follows* : — 
Let B = resistance at the higher temperature ; 
r 8 resistance at the low^ temperature ; 
^sthe difference of temperature in degrees Fah., — ^then 

log of B=log r-r-< log 0-9399, 
and log of r B log B + < log 0*9399. 

Tables of resistance of guttapercha at different temperatures 
are giyen on tiie following page» (Table VI.) 

* When a sabmarine cable is Isid va deep wa^, the insnlatiini Is greatly 



80 



fiLECTBiCAL BULES, TABtfed, A^Tl!) C>OEMUti& 



TABLE VL— The belative besistancb (afteb 1 kinute) of 

OEDINABY QUTTAPEBCHA AT DIFFEBEKT TEMPEBATUBEflj^ FOB 
ALL COEES IN WHICH THE THICKNESS OF QUTTAPEBCHA DOES 
NOT EXCEED O'll INCH.-— ( W. Smith.) • 



Teniperature. 


BelattTO 
BeaiBt- 
aoca.t 


«J&?« 


qJeriperatuw. 


Bektltv 


Log 


FuJl 


Cent 


BMiateno«. 


Fah. 


Cent. 


anoe^t 


Bfiiiiiliince. 


32 


00 


23-622 


•373317 


67 


19*4 


1-801 


•255514 


33 


0-5 


21-947 


•341375 


68 


20*0 


1-673 


•223496 


34 


11 


20*391 


•309439 


69 


20-5 


1-555 


•191730 


35 


1-6 


18*945 


•277495 


70 


2J^1 


1-444 


•159567 


36 


2-2 


17*602 


!245562 


71 


21-6 


1*3^ 


•127753 


37 


2-7 


16*354 


•213624 


72 


22*2 


1*247 


-msff! 


38 


3*3 


15195 


•181701 


73 


227 


1158 


•063709 


39 


3-8 


14*117 


•149742 


74 


23*3 


1*076 


t»1812 


iO 


4*4 


13*116 


•117801 


76 


23*8 


1*000 


•000000 


41 


50 


12*186 


•085861 


76 


24*4 


•9418 


•973959 


42 


5*5 


11*322 


•053923 


77 


260 


•8870 


•947924 


43 


61 


10*62 


•022016 


78- 


25^5 


•8354 


-921895 


44 


6-6 


9774 


•990072 


79 


261 


•7867 


•895809 


45 


7-2 


9*081 


•958134 


80 


26-6 


7410 


•869818 


46 


77 


8*437 


•9261S6 


81 


27*2 


•6978 


•843731 


47 


8-3 


7*839 


82 


277 


•6572 


•817698 


48 


8-8 


7*283 


•862310 


83 


28*3 


•6190 


791691 


49 


9-4 


6*767 


•830396 


84 


28-8 


•5829 


765594 


50 


10-0 


6*287 


•798444 


85 


29-4 


•5490 


739572 


5L 


10-5 


5*841 


766487 


86 


30*0 


•5171 


713576 


52 


111 


5*427 


•734560 


87 


30*5 


•4870 


•687529 


53 


ll'tf 


5042 


•702603 


88 


311 


•4586 


•661434 


54 


12^ 


4*685 


•670710 


89 


81-6 


•4319 


•635383 


55 


127 


4*353 


•638789 


90 


32-2 


•4068 


•609381 


M 


13-3 


4*044 


•606811 


91 


327 


•3831 


•583312 


57 


13-8 


3757 


•574841 


92 


33*3 


•3608 


•557267 


58 


14-4 


3*491 


•542950 


93 


33*8 


•3398 


•531223 


59 


15-0 


8*244 


•511081 


94 


34^1 


•3200 


•505150 


60 


15-5 
161 


3*013 


•478999 


95 


35*0 


•3014 


•479143 


61 


2-80Q 


•44^7158 


96 


35*5 


•2839 


•453165 


62 


16-6 


2*601 


•415140 


97 


361 


•2674 


•427161 


63 


17-2 


2-417 


•3832T7 


98 


36*6 


•2518 


•401056 


64 


17-7 


2*245 


•351216 


99 


87'i 


•2371 


•374932 


65 


18-3 


2-086 


•319314 


100 


377 


•2233 


•348889 


66 


18*8 


1*938 


•287354 











« From "Electrical TaUea,'' CSaik and SMjm. 
The* dbove table ia foi^^iew core, o gattapereha improvee greatly with i^ 

i For example :— The reaiatance lA 32* Fab. ia 23*622 timea greater than 
At 75^ Fah. Therefore, in order to reduce the oheerved reaiataace at any 
temperatnre tdrhat it wHl be at 75* Fah., rete to the above tabl^ ana 
divide the obeervedreaiataaoebytheniimbar In the relative reaiatsnceoolainiiy 
iGonnd oppottte the temperature of the Q.F. at time of teat— A« J- 
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12. A plate of guttapercha, 1 square foot surface and 1 mil 
thi€k, has a resistance ==1066 megohms at 75** Fak; and its 
electro-static capacity =•! 356 microfarads. 

13. The insulation resistance, in meg61ims, at 75** Fah., of 
an ordinary guttapercha cable or condenser, multiplied by its 
electro-static capacity, in microfarads = 144*4. 

14. Ratio of--- for strand and solid conductors, 

a 

A solid toire, cohered with gtUtapercIia — 



hv 



1 + 8-93^. 
to 



A strand^ covered with guttapercha-- 

• Where D = diameter of core, and d = diameter of wire or 
mean diameter of strand, both in mils.; W=i weight of gutta- 
perchai and «<; = weight of conductor, both in lbs. 

5. WILLOUGHBY SMITH'S IMPROVED GUTTAPERCHA.t 

15. The specific gmritr of guttapercha prepared by Mr. 
Willoughby Smith's process is the same as that of ordinary 
guttapercha. 

16. The itaeeliaiiieal streactk of this material is about 12 per 
cent, greater than that of ordinary guttapercha. 

17. The eieeiroHrtaUe capaeitf (F) per knot of a core of Smith's 
guttapercha is approximately 

p^OOS^ microfarads, 
log^ 

• Per table to find' Resistance (after 1 minute) and capacity per knot of 
any ordinary guttapercha core from relative weights or diameter ot 

(^^~^) 5,-see Clark and Sabine,^* Electrical Tables," page 122 

t Also page 124, 
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ELECTBICAt RtL£S), TABL£S, AND rORMOtJC 



TABLE VII. 
Relative resistance (after 1 minute) of WitLOUOBBY Smith's 

IMPROVED guttapercha AT DIFFERENT TEMPERATURES, FOR ALI* 
CORES IN WHICH THE THICKNESS OF GUTTAPERCHA DOES NOT 

EXCEED 0-110 INCH.-— (FT. Smitk)* 



Temperature. 


rtelative 


Log 
ReBistaoce. 


Temperatoro. 


Relative 


Re&ietaace. 






Resist. 
aiice.t 






Resist- 
ance t 


Fah. 


Cent 


Fah. 


Cent. 


32 


00 


27-913 


•445807 


67 


19-4 


r858 


•269046 


33 


0-5 


25-834 


•412192 


68 


20-0 


1:719 


•235276 


34 


11 


23-91 


•378580 


69 


20-5 


1-591 


•201670 


35 


1-6 


22128 


•344942 


70 


21-1 


1-473 


•168203 


36 


2-2 


20-48 


•311330 


71 


21-6 


1363 


*134496 


37 


2-7 


18-954 


•277701 


72 


22-2 


1261 


•100715 


38 


3-3 


17-542 


•244079 


73 


227 


1-167 


•067071 


39 


3-8 


16235 


•210452 


74 


23-3 


1080 


•033424 


40 


4-4 


15-025 


•176815 


75 


23-8 


1-000 


•000000 


41 


6-0 


13-906 


•143202 


76 


24-4 


•9375 


•971971 


42 


6-5 


12-87 


•109579 


77 


25-0 


•8789 


•943940 


43 


61 


11-911 


•075948 


78 


25 5 


•8340 


•915927 


44 


6-6 


11024 


•042339 


79 


26-1 


•7725 


•887899 


45 


7-2 


10-203 


•008728 


80 


26-6 


•7242 


•859859 


46 


7-7 


9-442 


•975064 


81 


27-2 


•6789 


•831806 


47 


83 


8-739 


•941462 


82 


27-7 


•6365 


•803798 


48 


8-8 


8-088 


•907841 


83 


283 


•6967 


•776756 


49 


94 


7-485 


•874192 


84 


28-8 


•6594 


•747723 


60 


100 


6-928 


•840608 


85 


29^4 


•6245 


•719746 


61 


10-5 


6-412 


•806994 


86 


30 


•4917 


•691700 


62 


11-1 


5-934 


•773348 


87 


30-6 


•4609 


•663607 


63 


11-6 


5-492 


•739731 


88 


31 •! 


•4321 


•635584 


64 


12-2 


6-083 


•706120 


89 


31-6 


•4051 


•607562 


65 


12-7 


4-704 


•672467 


90 


32-2 


•3798 


•679565 


66 


13-3 


4-354 


•638888 


91 


32-7 


•3561 


•551572 


67 


13-8 


4-029 


•605197 


92 


33-3 


•3338 


•523486 


68 


14-4 


3-729 


•571692 


93 


33-8 


•3130 


•496544 


69 


160 


3-451 


•537945 


94 


344 


•2934 


•467460 


60 


15-5 


3194 


•504335 


95 


35 •O 


•2751 


•439491 


61 


161 


2-956 


•470704 


96 


35 6 


•2579 


•411451 


62 


16-6 


2-736 


•437116 


97 


361 


•2417 


•383277 


63 


17-2 


2-532 


•403464 


98 


36-6 


•2266 


•355260 


64 


17-7 


2-343 


•369772 


99 


37-2 


•2126 


•327359 


65 


18-3 


2169 


•336260 


100 


37-7 


•1992 


•299289 


66 


18*8 


2-007 


•302547 











* From " Electrical Tabks," Clark and Sabine. 

+ The above table is for new core, as this core, like ordinary guttapercha, 
improves greatly ^th age. See footnote, Table VI., p. 30, for Sm of 
using the a;bove tables— 'A, J. » *r- i r 
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18. The imtttftU«H-resi«iaiice (B) per knot of Smith's gatta* 
percha core at 75'' Fah. (^S^** Cent.) is approsdmatelj 

R a 3^0 log ^ megohms 

after one minute's electrification. 

19. The resistance after the first minute, of Smith's gutta* 
percha at 32^ Fah., is about the same as that of ordinary gutta* 
percha. After a long application of the battery at this tern- 
perature the ratio falls to 72 : 100, about. 

20. Tht vesirtaace after the first minute, of Smith's gutta* 
percha at 75** Fah., compared with that of ordinary gutta* 
percha, is as 67 to 100, or about 30 per cent, inferior. 

Standard Temperatube fob Bielectric Tests. 

21. It is usual in specifications for good core to specify that the 
conductor and dielectric shall, have a certain resistance at 75** 
Fah., and all tests taken at other temperatures are reduced by 
tables to that temperature for comparison. It is also usual to 
specify that the core shall be kept for 24 hours at a constant 
temperature of 75^ Fah, before being tested anti pstssed for 
sheathing ; but it is evident that tests taken, at this tempera- 
ture are not nearly so searching for small fijalts (owing to the 
absolute resistance being low) as they would be if taken at a 
lower temperature, say from 40^ to 50^ Some well-known 
firms, therefore, make a point of taking final tests before passing 
core for bheathing at as low a temperature as practicaWe. 

c. EBONITR 

aardi G#ed 4|aaiur.— Best para rubber 2^ parts by weight 

Sulphur 1 „ 

AaierlcaB Ebealte:— Bubber 12 „ 

Sulphur 8 „ 

Whiting 1 „ 

Wash 1 „ 

Curing moulds for ) Lead 2 „ 

above: — / Antimony i „ 

Soft TBlcaatoe4liidUa-nibber:->Para rubber 7*5 ,, 

Sulphur '76 „ 

Lime tOl „ 

Whiting 7-5 „ 

French chalk 1*25 „ 

Litharge 1*5 „ 

* For table to find resistance (after 1 minute) and capacity per knot of 
Willoughby Smith's guttapercha core from the relative weights or diatneters 

CdSdtor ) J"** "Electrical Tables,*' dark and Sabine, page 127. 
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BLECTBICAt ftULS£t» TAfiLES, AND FOBMULJS. 

§ VI.— BATTERIES 
a Db LA Rqtb^s Chloridb of Silver Battebt. 



TABLE OP DETAILS. 




G S3 Glass vessel closed by 
PWs Stopper of paraffiu wax. 



Z 



8 



L 



Zinc or positive element, c<xtl* 
dsting of a cylindrical rod of 
chemically pure zino. 

ssChloride of silver cylinder, Of 
negative element, surroonded 
by, parchment paper to pre* 
vent contact with Z. 

ssFine silver electrode cast into 8. 

s liquid solution of 'chloride of 
ammonium, (403) grains to 1 
quart water 



Fipr. 13. 

The chloride of silver, being insoluble, no p'orotis 
Is required. The electro-motive force of this cell is 1*030 volts. 
The iniemal resistance of the cell is 3 to 4 ohms. Mr. De la Rue 
has found that the internal resistance increases to 18 ohms after 
standing eighteen months, this increase being due to the gradual 
formation and ^idherence round the zinc of oxychloride of zinc, 
but that the cell can be restored immediately to its normal state 
by scraping the zinc rod. The resistance does not increase by 
considerable use, 'which tends to keep the zinc clean. Mr. De 
la Rue. has recently made standard cells, hermetically sealed* 
This retards the formation of oxychloride. 

About 15 minutes short circuit is required to bring out ^tho 
full current of a newly charged battery. The battery should 
also be short circuited a few seconds, after having been at rest 
for some time, to ensure absolute constancy of electro-motive 
force. This battery is particularly adapted for work in which 
moderate and constant electro-motive force is required — e.^., 
for testing' and signalling purposes on submarine cables and 
telegraph lines, and by far the best iot use on board a cable ship. 
They occupy very little space, and are not injuriously affected by 
the rolling of the ship. They are made up in sets of 10 or 20 ; and 
100 cells only occupy a space of 3 ft. 6 in. x '2 fL x 6 in. 

b, Fauret Secondary, or Storage^ Battery (seeTaXAe YIIL).— A Bingle Faurecellconslits^ 
two clean lead plates, each plate beixur coated with a paste, madehy mbdUig minium (PdsOi) 
with dilute 8alphu>ic acid (IItS04> *Xhe coated plates are then covered with felt cloth, 
bound or rolled up together, and immorted in a trough containing dilute sulphuric acid. Tho 
following chemical reaction takds place at hoth plutes between the minium and aolpburio 
add, b^/irtthe appUcation of any charging correnu P6sOi4*3 Bs804«FM)i4'9 rCSQ • 



XtXCntO-MOTITB F0KCS8 OF TABI01T9 CSLhS. 



35 



*f 3 Hs 0. The Fanre cell is now charged with a carrent (from a separate battery or dynamo), 
with an E.M.F. not exceediog d toIis, when more peroxide of lead, "PbOi, is formed at the 
pOBltiTe lead plate, as well as Bnlphuric acid; thus P6S04+H70-fO=iP60s+HsSOi 
At the negative plate the P60s tod 2 P/> SO « are both redaoed to spongy or porous metallic 
lead, with formation of sulphuric acid and water. Consequently, sulphuric acid is generated 
during charging at both plates, so that the strength of the solution is fully kept up. When the 
minium has been fully convei^ted by a number of successive charges and discharges, we have, 
on again charging the cell, a layer of peroxide of lead adhering to one lead sheet, forming a 
+ plate, and a layer of spongy lead adhering to the other, forming a - plate, with a difference 
of potential between them «■ 2 to 22 volts. The resistance between the plates being very 
small, a strong current is produced on joining them through a small external resistance, and 
80 per cent of the energy of the last charge can be obtained in the discharge with newly- 
formed cells, bat with continued use and age the percentage return decreases. 



TABLE ynL— ELECTRO-MOTIVE FORCES OF VARIOUS CELLS, 
From Gordon and other sources. 





+ Plate. 


POTOMceU 


- Plate. 


Volts. 
l-07» 


Danlell 


Zinc amalg. 


Sulphuric acid, 7| 


Saturated solution 


Copper 






tol 


of copper ttKlphate 






n 


„ 


22tol 


,, 


i» 


0-978 


n 


i« 


tt 


Nitrate of copper 
saturated 




1000 


«. 


It 




Sulphate of Qopper 


It 


OD09 


ii 


tt 


Sulphate <a- zinc 












saturated solutiou 


Saturated solution 


tt 


l-OS 


Orove 


ft 


Sulphuric acid, 7i 

tol 
Salt water 


Nitric acid (fuming) 


Platlamn 


1-966 


n 


" 


Nitric acid, ep. gr. 
1*33 

t> 


tt 


1-904 


n 


n 


Sulphuric acid, 22 
tol 
Sulphate of zinc 


tt 


1-810 


It 


n 




tt 


1-672 


Bimsen 


t» 


Dilute snlphiiric 
acid *^ 

w 


Nitric acih 


Carbon 


1734 


Callan 


»» 


t* 


Cast iron 


1-700 


Poggendorf 


tt 


tf 


Chrome mixture 


Carbon 


(1-79G 

V2028 

1-524 


Mari^Davy 


l» 


Snlphnrlc add, 22 


Paste of sul]^te 


i» 






tol 


of mercury 






w 


t» 


Dilute Bulphurlc 
acid 


n 


t* 


1-33 


Ledanchtf 


t> 


Solution 0f aaj 


BInoxide of man- 




1^ 






ammonido ' ganese 






DelaIlneQ;).S94) 
Itecquerei 


Zinc 


-Chloride of Ammoalnm 


SllverUgCi) 


1-030 


Zincamalg. 


Sulphate of zinc . Sulnhate of lead 


Lead 


0-55 


Niaudet 


tt 


Common salt 


Chloride of Ume 


Carbon 


1C5 


Duchesnin 


^ ••» 


It 


Perchloride of iron 


Lead 


1-641 


tt 


Platinum 


Dilute sulphuric 
acid 


Dilute sulphuric 
acid 


Platinum 


179 


Phint^ 


Lead 


«i 


•t 


Lead 


2-102-2 


Latimer Olaric, 
Standard cell 


Zmcamalg. 


Sulphate of zinc 


Paste of sulphate 
of mercury 


(spongy) 
Iftercniy 


1457 


Howeirs man- 


ZInoamalg. 


Ammonic sulphate, 


Sulphuric, add, 1 
add to 5 parts 


Carbon 4 


2-04 


ganese; inter- 




25 i^l'ammes 


manganese 




nal • res. = 1 
obm (Hockin) 




crystallieedsaltto 
1 litre water 


water 


dioxide + 

mangtoese 

sulphate 




Uiggin'a cas- 


Zinc In 


Chromic add 


Sulphuric add 


Car))on 


1-9 


cade, internal 


merotuy 










res — 170 












ohms. 












Bonnet's Inter- 


Zlno 


Potassium Hydrox- 


Damped with 
(KHO) and water 


Iron can 


18 


nal .res. -5 




ide (KHO). with 


with iron 




ohms. 




distilled water. 




borings. 




F9ure*8 second- 
ary battery. 


Lead plate 
coated 


Dilute Bulpburio 
acid. 


Dilute sulphuric 
add. 


Lead plate 
coated 


2- to 2-2 


Beep. 934 6 


with min- 
iam. 






withmin- 
inm. . 
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Fia It— PLATINO-BRAZILEIRA CABLES; ETC. 



\m 



(See Tables XIL and XIIL) 



A 



B 






Midsi At^ioo. 

For Depths. 
600 to 2500 fms. 



Main Cable. 

For Depths, 

150 to 12i0 ima. 



Interme^te. 

For Depths. 

40 to 150 fins. 
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Fia 14.— PLATINO-BRAZILEIRA CABLES— confintttfi. 



GONDOCTOR 

TNSUUTOR 

YARN COVER 





D (Types seep, 38. 




Light SHore End. 

For Sandy Bottom. 

Upto^fms. 




Heavy Shore End. 

For Rocky Shore and Strong 

Currents. 

Up to 25 fins. 



S8 ELECTRICAi; BXTLES, TABLES, AND VOtMVLJB. 

§ VII— SUBMARINE CABLEa 

a. .SPECIFICATION FOR PLATINO-BRAZILEIRACABLE, mads and 
LAID BT Messrs. Siemens Brothbbs, Charlton, between Rio db 
Janeiro and Chuy, South America. Sir Wiluam Thomson and 
Professor Flexhino Jenkin, Consulting Engineers. (See Fig. 14) 

€«re*— >The core to consiat of 7. wires copper strand, covered with gutta* 
percha. The following are to be the weights of the core :— 

Copser. — 7 wires md into a strand, weighing 107 lbs. per knofc 

ClMtt^pcrcha.— 3 coatings of gattaperuia and Chatterton's <$ompound 
s=150 lbs. per knot. 

main Cable JL — ^This cable to consist of the following parts :•— (1.) Core 
as above. (9.) A good and sufficient serving of jute yam, wet and saturated 
with brine. (3.) Outer covering to consist of 11 galvanised iron wires, of 
the quality specified below, and the diameter of each wire to be 0*143 
inch, or within 9*5 per cent, thereof; the whole to receive 3 coatinfl:s of 
Clark's Compound and 9 layers of jute yam between ; the whole weight of 
iron to be not less than 3600 lbs. per knot. 

ntalB Cable B.— rTho core, served as far as Cable A, to be covered with 
10 iron galvanised wires of quality as specified below, the diameter of each 
wire to be 0*18, or within 9*5 per cent, thereof; Uie whole to receive 8 
coatings of Clark's Compound, with 9 layers of jute yam between th^ coat* 
ings, in idtemate layers, the total weight to be not less than 5100 lbs. per 
knot. 

CMi«te End c.-^The Conductor and Insulator to be the same as for Cable 
A, with a sufficient serving of the same materials, covered with 19 galvanised 
iron wires, 0*938 inch diameter^* of the quality specified below, the total 
weight of iron per knot to be not less than 96 cwts. ; the whole to receive 3 
coatings of Clark's Compound, with two layers of jute yam between the 
coatings, in tdtemate lav. 

Shore Cable D«— This Shore End Cable shall consiBt of Cable A, with* 
ou^ the outer servings of jute and Clark's Compound, but further served 
with a well-tarred jute yam, and sheathed with 19 strands of 3 wires each, 
of the quality specified below ; the total weight of these wires per knot to 
be not less than 975 cwta^— that is to say, of not less than 19 strand of 3 
wires, 0*930 inch diameter. Each intermediate cable to be finished off 
with suitable tapers, to be arranged to the satisfaction of the engineers of the 
Company. 

I. Qoalitr of Mlaterii^ls.~The iron wire supplied for all the cables shall 
be of the quality known as beet best annealed galvanised, and of a quality 
superior to the ordinary best best, and shall be submitted to such tests for 
strength and brittleness as may be agreed upon between the engineers and 
contractors.* 

A margin of 9*5 per cent, above ajld below contract weight will be allowed, 
provided the average weight be adhered to. No wire of brittle Quality shall 
be put into the cables, and the engineers, or their assistants, shall have power 
to reject any hanks which break frequently in the closing machine, or any 
of nnsatisfjActory quality. No weld ladiall be made in any wire within V^ 
feet of any other weld of the sanrs, or any other wire of the cable, eu^goept in 
the strands of shore end D.*t* 

* Soe TableS:nT.,ror Clark. Forde ft Co.'slests, for ofhet ivire teats. 

t 0*143 inch wire was brazed by scarflog the joints and hard aolderffig tbero. All Other 
sues were welded, but they coald not be well done, owing to the ^eferlorAting octloQ whiob 
the galvanising had upon the irbn-'i;., they could not be welded so as to bind Into a i)enil« 
circle and back asraln, but. it was found that thebraziog.jr carefully effected, and with » 
^od pressure ^od flow of ^ and wiuU combined, made toe better joint.--A, ^, 
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Weight or bandle 
in lbs. 


Diameter of Wire. 


No. of twists in 

6i2L 


BeBdlo|r*Qd Unbending 
round a Spindle. 


162 
•■• 
280 
289 


0143 indL 
0-180 „ 
0-230 „ 
0-238 .. 


13 

10 

6 

5 


0-572 iodu 
0-720 „ 
0-920 „ 
0-952 .. 



II. Cables A» B, C ftiTe to be covered, after the wLr^ are kid oa, Urith 3 
coatings of mineral j^itch and 8ilica» in the pro^rtioiie of 60 and 40 parts 
respectively, and witli d servings of taned jnte yarn laid altematdy, the 
fir&t ooatiDc of the eompoond wai^ (laid) nezt^the wire, then a serving of 
jute yarn, the compoond, then the jnte yam, and lastly, compound. The 
compound to be applied hot, and ike yam to be laid on immediately after 
its application. Such speciid precautions to be taken against ix^ury to the 
colfe, in case of the machinery stopping, as the Company's engineers shall 
direct.^ The yam is to be everywhere covered with compound, and tiie'out* 
side smooth and regular.* 

IIL The CondncMrs to consist Of a strand of 7 wires of annealed copper 
of the best quality and manufacture. The interstices in the strand to be 
completely filled with insulating compound. The mean resistance of the 
strand, weighing 107 lbs. per Imot^ to be not more than 19*1(1 ohms 
«t 7&^ Fah. Ko single knot of conductor to have a QoUtance exceeding 
the numbers given atove hy d 'S per cent. 

IV. The iBSHlatloii resistance of guttaperdia core shall not be leq^ whetk 
tested at 75'' iFah., than 300 foegohuis, 14 days after 'manufacture and 
alter d minutes' electrificalion. If the resistance of any portion of the gutta* 
percha at 95'' Fah., at any period of the manufacture, fall below the above 
specified limit, the cable is to be Mjected. 

V. Thcdloiiito in^e core are to be ifil^e by experienced WorKmen, and 
no joint at the cable works is, under any drctlmstances, to be made, except 
in the presence of one of the Company's inspectors, who will test a^d pass 
each joint separately from the rest of the cable. The contractors shal) 
allow time for a thoroughly satisfactory test, 6 fconr* after the joints have 
been made and kept immersed in water. 

VI. The Scrrlng shaU consist of yam applied wet and Mitvrated with brine. 

VII. The €«re shall be delivered in lengths of not lessjbhan 1 mlle-r>it 
shall be immersed in w&ter, of a temperature of 75*" Fah., for at least 34 
hours before the tests are made. The length of coil shall be ^ven to the 
Company's engineers. A margin of 3*5 per cent, over the speofied weight 
shall be allow^ but the mean weicht ai the core for the Whole cable must 
at least equal that of the specified weight. All coils approved pf by the 
Company's engineers shall be re-deliverSL for further manufSacture, and all 
coils rejected by the engineers shall be retained at the works for inspection 
till the dose of the mairaflMture. All coils shall be niimbered, labelled, and 
registered, and the engineers ahall be kept cognisant of the position and 
portion of the cable into which each length of core is inserted. 

• The Telegraph Constmction and lialntenance Compeny genereUy apply an enter Mrvlntf 
of 2 of Johnson and Phillips's patent tapes, laid on spirally in opposite directions, and ^ 
coatings of Q]ark*8 oomponnd. the flrsl boating beiaiig oool apd Iai<!l on next the wtredr^i^rA. 7* 
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Vin. Special nqnirementa fm Oompany's fugilieen'testini I'OoiAr . • • • ^ 
IX. The oore efaiall be csoiled on drama, and ahall be carefully kept until 
ierving ia begun, the drama to be oarefolly protected by iron coyera daring 
the transit m>m the insulating to the aheathiog £scfcorie»— the served bore to 
be kept in tanks under water, the water to be withdrawn from the tanks and 
replaced by fresh, so often as required hv the engiaeers. The tanks are to 
be roofed over. Correct indicators are to be attached to the closinff machines, 
showing the exact amount of cable manufactured, and the completed cable 
is to be marked at every 100 miles in the usual manner, and kept onder 
water as far as possible, both in the fiustory^and on board diip, until sub* 
meiged, &c., &c. 

PrEVEKTIOK AGAIK8T TeBEDOES. 



In order to pnxjmX the core of ■ntmiarine catties tooomlng pleroed and daneged hy 

> otner nuirine bonra, the Telegraph- ' ' -"- 

. -.re thought adTlaable, the gattftiMiroha« . . ^ 

white cannw tape; Snd, Huntz metal (or braes taping); Srd, cenvM tope steeped in 



teredoes or otner nuirine bonra, the Telegraph- Oonatmetion and Meintenanoe Oomptny 
eover, where thought adTlaable, the gattapeiroha of their et^ with— 1st, a serriog of strong 



stearioe. The last tape ooatiDg pre^nta ffdvanio action between the brass tralng and the 
Iron sheatUng. This has been proved pEaottoaUj in the Easiam Extension and £astem end 
Booth African Companies' eabfes to be a perfect remedy* Teredoes do not attack india- 



rubber or Hopper's oore injuriously.— A. J. 

bk c—umg m%^tmwf^ r«r cable jMafa (guttaperoba), used onboard 
cable ships in tropical climates : — ^Moriate of ammonia 5 parts, 
saltpetre 5 parts, water 16 parts ; immerse joint and stir mixture 
well until joint cools. 

e. OraFpiiiig.— Success ingrapplingforcablesgreatljdependsapoa 
slotoiy and steadily dragging the grapnel over the cable ground at 
right afigte$ to the line of cable (1} to 2 knots an hour being a 
good working speed), with just sufficient 
slack of grapnel rope, length and weight of 
chain, as well as weight of ^pnel, to pre- 
vent the latter from jumping, and thus 
missing ground. A compound steel-wire^ 
manilla grapnel rope (4 by 4), capable of 
bearing a strain of 15 tons before breaking, 
joined up in 200 fistthom lengths, and 15 
fafhoms of J inch chain, with a 2^ cwt 
grapnel,formsagoodcombinationfor depths 
up to 800 fathoms. For greater depths, a 
lighter compound steel-manilla rope, or one 
entirely of the best manilla, may be used 
with advantage.* On hard rocky bottom, 
much time, trouble, and tbrcAkage of 
grappling gear will be saved by using a 
Fig. 15. Cable Grapnel for grapnel with automatically self-relieving 
Rocky Bottom, prongs. One form is shown in fig, 15, 
"vhere, on coming in contact with a rock, the longer, or searching 
prongs give way until the rock is passed, but upon hooking the 
cable it slips into a well-r^nded fillet, formed by shorter prongs, 
and remains there until elevated to the surface.f 

* &toept £>r. Say, 200 fathoms next grapnel, wbere it might become duifed 
on bottouL 
t See *'Cable Grappling," Jamieaon, Jour, Soc. TeleQrapfi EnQin^B^ vol viii. 
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TABLE XL 

SUBMARINE CABLES.* 

(Recently Iiaid.) 

Abstbact Fobm, 

Showing general coTuUtion qfCabh during 30 dayi tester 

Bt Clabk, Fobdb & Tatlob. 



1. Length «fcable.j^CabIel.o«^^^^^ J 

2. Distance over water, • 

8. Percentage of alack, • 

A TLo^fi, /v* «•*-» 1 Maximum aoimding taken, 
4. Depth of waVar. | ^^ ^^^^^^ '"^ 

6, Pk«88nre at bottom per sqnare inch, | MeS^'""*— 



6. Mean copper resistance tested at 75' 
knot(approz.).; 

!To&l observed, 
Do. corrected, 
j^erknotdo., 

0. Mean ten^teratnre of cable calculated from 0. R., 
jff^ /1st min. calcnlated 

||tow 

il 

o s Per knot^ uuu >« 



9. 



i Dielectric 
resistance,^ 



uci 

i 



Pah.per| 



observed 



1st 

5th 

10th 

30th„ 
1 1st min. oalcolated 
list „ observed 
V5th 



a 1 10th ,9 „ 

j| l30th„ „ 

la EtectoHrtaticcapadty, j '^^^ ;;; ;;• ; 

IL Dielectric resistance per knot at 76^ Fall, on 
first mannfactoie, 1st minate^ 

! After shipment^ tested 
at mean temp. 51^, 
at mean temp. 71 
Fah., ... ... 
After sabmersion, 
mean temp. 45*7^ ^ 
fan* 9 .*• ••• 



knots 
Fms. 

»* 

ohms. 



Fkh. 

]^egs. 



Mfds. 
•> 

M^s. 



1900 

1795*24 

6-3 
1296 

488 
3460 
1265 

4-93Cr 

8809 

8824 
4*644 
46-7*» 
2-72 
2-46 
3-58 
3-90 
4-71 

5168 

4674 

6802 

7410 

8947 
604 
0-318 



296t 
46? 



4?S 



4901- 



* All these fonr tables, DC, X., XL, XIL, are tests 6f the same cabla 
*!* Improvement in dielectric resistance firom time of manofacture to after 
submersion, 65*5 per cent^ 
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TABLE XII. 

e, HECHASHGAL DAXA. OF VARIOUS BECENT TELEGRAPH 
CABLES. 

* Manufactured and Laid hy The TeUgra^ph Consiructian and 
Maintenance Co., LimiUd. 

For Elecfcrical Data» see p. 50. 



Gabtefl. 


DatQ. 


'Sgf 


Weight per Knot 


BemArto. 






InsQ- 






As- 








Snota. 


Cop- 
per. 


lator. 
ttP. 


Iron. 


Jute. 


O 


Ckwa- 
plete. 










Iba. 


Ite. 


Tom. 


Tone. 


Tons. 


Tons. 




PlaooDtia &\ 


1872 


110 


107 


140 


2-344 


•153 


••• 


2-607 


Main. 


St. Pierre, f 


if 


99 


9-846 


•519 


1146 


11-619 


Shoreends. 


S^ Pierre &1 




182 


if 


99 


2-344 


*153 


... 


2-607 


Main. 


Sydncjr, ... / 


• 9 


99 


99 


9-845 


•519 


1146 


11-619 


Shoreends. 




• 9 


5 


ft 


• » 


1-193 


•107 


•393 


1-803 










120 


175 


9'845 


•519 


1-506 


12-000 


Shore. 


£«Dclaiid ftnd 1 
Spain. .../ 


1873 


619 


ff 
>9 


99 

99 


6-369 

2-687 


•350 
•093 


•750 
-476 


6-600 
3-382 


Intermed. 






99 


99 


1-900 


•187 


•412 


2-630 


„ 






V. 


*• 


»» 


•646 


•095 


-826 


1-697 








247 


120 


175 


9-845 


•519 


1-506 


12-000 


Shore. 


Vigo&Lisboii, 


»»' 


99 


99 


2-687 


•093 


-476 


3-382 


Main. 






^ 


99 


5-369 


•360 


•750 


6-600 


Intermed. 








400 


17*460 


1-684 


... 


19-50 


Shore. 


Irdand and) 






»9 


99, 


9-641 


•641 


1-989 


12-628 


Intermed. 


Kewfonnd* 


»» 


1876 


99 


99 


3-350 


•164 


•498 


4369 


If 


land. 






99 


99 


2-419 


-090 


-688 


3-454 


99 








99 


99 


-662 


•147 


1-080 


2-246 


Mai^ 


Plapeniia &\ 
Sydney,.../ 






107 


UO 


17-460 


1*684 


... 


19-254 


Shore. 


t* 


314 


99 


99 


9-641 


•641 


1-989 


12381 


Intermed. 






99 


99 


3-350 


•164 


-498 


4-122 


Main. 


Sydney and' 
Plaoentia, 


f» 


280 


99 
99 

99 


99 
9> 

99 


17*460 
9*641 
3*350 


1^684 
•641 
•164 


1-989 
•498 


19-254 
12-381 
4-122 


Shore. 

Intermed. 

Main. 


Neawerk & 
Heligoland, J 




31 


107 


140 


9-514 


•666 


1-371 


11-661 


Shore. 


»9 


•9 


99 


6-917 


•326 


-691 


7-043 


Main. 








120 


175 


9-450 


•760 


1-337 


U-668 


Shore. 


Lisbon and\ 




613 


99 


99 


2-687 


•094 


•470 


3-382 


Intermed. 


»» 


99 


99 


1*900 


•187 


•412 


2-630 


99 








.99 


99 


•636 


•137 


•940 


1-845 


Main. 


Akxandria&l 
Crete, .../ 






101 


140 


9-846 


•519 


1146 


11-619 


Shoi«. 


»» 


359 


99 


99 


5-917 


•326 


•691 


7-043 


Intermed. 






99 


99 


1038 


•075 


•337 


1^56 


Main. 



All thesa tables were kindly fhmished by W. Shuier, Eiq., MaiUM»r of Th» 
Telemph Conatmction and Maintenance Ca 

*For CabkB prior to 187% see '^Electrical Tables^'' dark and Sabine, ppi. 
256-2891 
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TABLE XlL—CanUnued. 
For Electrical Data, see p. 150. 



Cables. 


Date. 


Length 
Lftid. 


Weight per Knot. 


Hemftrks. 






Insa- 






As- 








Knots. 


Cop- 
per. 


lator. 


Iron. 


Jate. 


rife. 


Com- 
plete. 










lbs. 


lbs. 


Tons. 


Tons. 


Tons. 


•ons. 








1 


107 


140 


9-845 


•5199 


r504 


11-978 


Shore. 


Crete &Zante, 


1873 


238] 


It 
If 


i» 

(9 


6-369 
1-918 


•350 
•118 


•750 
•573 


6-579 
2-719 


In termed. 
99 






( 


tf 


*9 


1-065 


•055 


•348 


1-578 


Main. 


Zante and \ 
Otranto, / 




( 


107 


140 


9 845 


•519 


1-504 


11-978 


Shore. 


1874 


187 j 




» f 


6-369 
1-065 


•35Q 
•055 


•750 
•348 


6-579 
1-578 


Intermed. 
Main., 


Italy & Sicily, 


If 


6 


107 


140 


9-495 


•605 


1-262 


ir472 




Jamaica & \ 
Porto Rico,./ 






107 


140 


9-495 


•605 


1-262 


11-472 


Shore. 


f» 


647 


4 

1«7 


99 

99 


3-185 
1-145 


•129 
•095 


•406 
•297 


3-830 
1-647 


Intermed. 
Main- 


Martini(^ue&\ 
Dominica, 






140 


9 495 


•605 


1-262 


11-472 


Shore. 


»> 


37 


1§0 


99 

«9 


3 185 
1-145 


•129 
•095 


•406 
•297 


3-830 
1-647 


Intermed. 
Main. 






I 


175 


9-450 


•750 


1-337 


11-668 


Shore. 


Madeira and 
St. Vincent, 




1196 


V, 


,, 


2-687 


•094 


•4'70 


3-382 


Intermed. 


»» 





99 


1-900 


•187 


•412 


2-630 


99 






( 


», 


,9 


•636 


•137 


•940 


1-845 


Main. 






( 


107 


140 


6-325 


•400 


1^051 


6-886 


Shore. 


Kilia& Odessa, 


» 


349] 


}t 


99 


2-725 


•275 


•793 


3-903 


Intermed. 






( 


*i 


99 


1-038 


•075 


•337 


1-560 


Main. 


St. Vincent &) 
Pernam- 
buco, ... ) 




( 


255 


340 


9-450 


•762 


1-337 


11-816 


Shore. 


)9 


1844 ] 


** 


99 
99 


1-900 
1262 


•187 
•063 


•412 

•387 


2-766 
1-979 


Intermed. 
99 




( 


.*« 


99 


•705 


•153 


1-084 


2-209 


Main. 


Ireland and 






400 


400 


17-460 


1-684 


... 


19500 


Shore. 


Newfound- > 


» 


1837 


_ f» 


99 


3-350 


•164 


•498 


4-122 


Intermed. 


land, ... 








19 


•662 


•147 


1080 


2-246 


Main. 


Holland, ... 


ft 


3 


107 


140 


2-278 


•203 


•387 


2-978 




Italy & Sar- \ 
dinia, .£ / 

Yankalillail 
Kingscote, j 


1875 


118 


107 


140 


1-145 


•095 


•297 


1-647 


Main. 




f 


107 


140 


' 9-845 


•650 


1120 


11-725 


Shore. 


f« 


38| 




99 


5-325 
2-700 


•400 
•095 


1-051 
•6.^ 


6-886 
3-540 


Intermed. 
Main. 


A Mftf.rjaliA. Jtx 




( 


107 


140 


9-845 


•650 


1120 


11-725 


Shore: 


New Zea. f 
larid, '... 


1876 


1282 1 


t» 
t* 


99 
99 


2-700 
1-060 


-095 
-080 


•635 
•450 


■3-540 
1-700 


Intermed. 
ft 




( 


»» 


9» 


•635 


•200 


•380 


1-325 


Main. 


Cook's \ 

Straits,N.Z.j 






107 


166 


7-623 


•514 


1136 


9618 


3 cores. 


»f 


45 


107 

n 


140 


8412 
4075 


•587 
•287 


•635 
•400 


9-741 
4-872 


Shore. 
Main. 








120 


175 


9-951 


•8.38 


1-236 


12156 


Shore. 


Suez & Aden, 


» 


1443] 


»» 

19 


»» 
99 


2-848 
1-867 


•101 
•l!6 


•435 
r392 


3-515 
25^6 


Intermed. 






( 


• • 


99 


1-156 


•101 


•376 


1-764 


Main. 
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TABLE XlL—CofUintLed. 
For Electrical Data» see pp. 50, 51. 



Oftblai. 




^Sg? 


Welgb*t per Knot. 


Bemarka. 






I»a. 






As- 








Knota. 


Cop- 
per. 


'&'!!:• 


Iron. 


Jate. 


rife. 


Com- 
plete. 










Ita. 


Ite. 


Tom. 


Tons. 


Tons. 


Tons. 








i 


180 


240 


11-399 


•694 


•571 


12-850 


Shore. 


Aden&BomO 


1877 


1888 < 


19 
99 


»9 
99 


9-813 
5-389 


•414 
•281 


1-652 
•687 


11-960 
6-544 


Intermed. 




J 


99 


99 


2-827 


•111 


•576 


3-702 


99 






1 


t9 


99 


•626 


•201 


•254 


1-268 


Main. 


Pensng and) 
Bangoon, { 






107 


140 


9-800 


•450 


1-650 


12O10 


Shore. 


99 


853 


99 


99 


2-850 


-126 


•484 


3-569 


Intermed. 






99 


99 


1-060 


•093 


•291 


1-554 


Main. 


ManeiUet &\ 
B<nia» .../ 






107 


140 


9-800 


•650 


1-120 


11-680 


Shore, 


ft 


463 


99 


99 


2-900 


•244 


•440 


3 692 


Intermed. 






9« 


99 


1-062 


•144 


•297 


1-613 


Main. 


• 






107 


140 


9-800 


•650 


1120 


11-680 


Shore. 


Bona&Malt^ 


»» 


382 


99 

99 


9» 
99 


5-337 
2-900 


-560 
•244 


•476 
•440 


.6-472 
3-692 


Intermed. 








f9 


tl 


1062 


•144 


•297 


1-613 


Main. 


Para&MarO 
anham, .../ 




309 


107 


140 


8-412 


-587 


•635 


9-741 


Shore. 


1878 


99 


99 


4-075 


•287 


•400 


4-872 


Intermed. 




99 


99 


2-900 


•125 


•237 


3-372 


Main. 






289 


98 


116 


•718 


•064 


•447 


1-324 




TorpedoCables, 


f> 


9* 


It 


1-117 


•150 


-682 


2-340 


4 cores. 






99 


99 


-856 


•056 


•285 


1-292 




Alexandria & ) 
Cyprus, ... J 




327 


107 


140 


9-800 


•650 


1120 


11-680 


Shore. 


99 


99 


99 


2-900 


•244 


•440 


3-692 


Intermed. 




»9 


99 


1-062 


-144 


•297 


1-613 


Main. 


Penaug and \ 
Maliuica,... 


1879 


274- 


107 


140 


10-350 


•675 


1026 


12-161 


Shore. 


99 


99 


2-803 


•225 


•554 


3-692 


Main. 








107 


140 


13-647 


•575 


•>. 


15-652 


Shore. 


Katalft De.\ 
lagoa, .../ 


t» 


344 


99 


99 


10-350 
5-230 


•675 
•400 


1-026 

•781 


12161 
6-521 


Intermed. 






99 


99 


2-803 


•225 


•564 


3-692 


Main. 








9» 


»9 


-850 


•050 


•362 


1-372 


tt 








107 


140 


10-350 


•675 


1-026 


12161 


Shore. 








99 


99 


5-230 


-400 


-781 


6-521 


Intermed. 


Delagoa and\ 
Mozambique / 




966 


9* 


» 


2-803 


•225 


•557 


3-692 


♦» 


»» 


t9 


9> 


•862 


•075 


•337 


1-387 


Main. 








99 


99 


•850 


•050 


•362 


1-372 


19 








f » 


|> 


•625 


•187 


•517 


1-442 


19 


Malacca and\ 
Singapore, j 




.«/ 


107 


140 


10-350 


•675 


1-026 


12161 


Shore. 


» 


9* 


i> 


2-803 


•225 


-554 


3-692 


Main. 


Germany & ) 
Norway,... 




251 


100 


125 


16-5-24 


•487 


1-225 


18-636 


Shore. 


t» 


»> 


19 


4-135 
2-375 


•260 
•150 


•430 
•406 


6126 
3162 


Main, 
ft 








107 


140 


10-350 


•675 


1026 


12'161 


Shore. 


Mozambique 
& Zanzibar, 


99 


631 


99 
»> 

99 


-99 
f9 
99 


6-230 

2-803 

•850 


•400 
•225 
•050 


•781 
•554 
•362 


6-521 
3-692 
1-372 


Intermed. 
Main. 






f > 


99 


•625 


•187 


•517 


1-442 


9* 
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TABLE XII.— Con^tnuei. 
For Electrical Data, see p. 51. 



Cables. 


Data 


f:^ 


Weight per Knot 


Bemarka. 






Insa- 






As- 








Knots. 


Cop- 
per. 


Ifttor. 
O.P. 


Iron. 


Jatf. 


M. 


Com- 
plete. 










lbs. 


IlMl 


Too& 


Tona 


Tons. 


Tons. 










107 


140 


10-350 


•675 


1-026 


12161 


Shore. 


Singapore & ) 
Java> ••• ( 


1879 


919 


ft 


9r 


5-230 
2-803 


-400 
-225 


•781 
•554 


6-521 
3-692 


Intermed. 
Main. 








«» 


99 


1-772 


•115 


•500 


2-497 


99 








250 


250 


10-360 


-675 


1026 


12-274 


Shore, 












5-230 


-400 


•781 


6-634 


Intermed. 


Aden & Zan- 
zibar, 


** 


190S- 


„ 


99 


3-360 


-145 


•616 


4-344 


,9 






,t 


99 


•625 


•187 


-517 


1-442 


Main. 






^ 


ff 


99 


1112 


-200 


•367 


1-902 


99 , 


Java & Aus- 
tralia, 




1131 


107 


140 


10-350 


•675 


1-026. 


12161 


Shore. 


1880 


,, 


,9 


2*803 


-225 


•554 


3-692 


Intermed. 




99 


99 


-850 


•050 


•362 


1-372 


Main. 


Wanganni & ) 
Wakapuaka, ) 




108 


107 


140 


11-402 


•518 


..• 


12-030 


Shore: 


%9 


*». 


99 


2-847 


•145 


•616 


3-718 


Main.. 






' 


107 


140 


10-350 


•675 


1-026 


12-161 


Shore. 


Hons Kong 
' and Luzon, 








„ 


5-230 


•400 


•781 


6-521 


Intermed. 


f. 


528- 


99 


99 


2-803 


•226 


•554 


3-692 


9, 






99 


99 


•880 


•070 


•451 


1-511 










9» 


9t 


•710 


•212 


•518 


1-550 


99 


Placentia k 
St. Pierre, 




109 


107 


140 


14-77(» 


-625 


... 


15-725 


3oore. 


tl 




»» 


7-70(» 
4-650 


•600 
•200 


•850 
•575 


9-480 
5-755 


99 


Ireland and ) 
Newfound* 
land, ... ) 


»> 


1423 


300 

>9 


300 


•860 
•720 


•115 
•116 


•725 
•705 


1-967 
1-807 


Main. 

• 9 






' 


180 


200 


11-585 


•260 


1-046 


13-100 


Shore, 


England and ) 
iforway,.... J 




423 


it 


t» 

99 


7-780 
3*450 


•405 
•225 


1-000 
•662 


9-355 
4-507 


Interned. 

99 






99 


99 


2-400 


•137 


•570 


3-277 


Midn. 






^ 


99 


99 


14100 


•260 


1-085 


15-615 




Norway and\ 
Sweden, / 


»> 


94 


180 

9« 


200 

ft 


2-400 
7-780 


•137 
•406 


•570 
l-OOO 


3-277 
9-355 


Main. 
Intermed. 


St Pierre & \ 
Sydney, ...J 






107 


140 


14-770 


•626 


•.• 


15-725 


3oore. 


• f 


185 


»t 

99 


tt 

ih 

99 


7-700 
4-650 


•600 
:200 


•5^ 


9-480 
5-755 


99 

99 


Singapore &\ 
Batavia, ... / 


1881 


537- 


107 

9f 


10-350 
2-803 


-675 
•225 


1-026 
•554 


12161 
3-692 


Shore. 
Main. 








130 


130 


10-000 


-600 


1^016 


11-731 


Shore. 


Trieste and\ 
Corfu, ... j 




550 


• 1 


99 


5-340 


•400 


•727 


6-583 


Intermed. 


•> 


it 


9t 


2-900 


•150 


•587 


3-753 


>9 








99 


99 


lUO 


.-057 


•371 


1-654 


Main. 


Valentia, , \ 
Greitseil, J 






130 


130 


11-900 


-550 


•400 


12-966 


Shore.. 


1882 


841 




19 


5-600 

2-78 

• 


-360 
-125 


•633 
•499 


6-729 
3-520 


Intermed. 
Main. 



^ W. Clifford, Chief Engineei; 
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BLEOntlCAI. BOLES, tiStSB, AHD VOfiUnUS. 



TABLE XIV. 
g. ia,ECTRIC.AL DATA OF VARIO OS RECENT TELEGK APH CABLES 



• Manvfaeivrtd and laid by The Tefegraph CofutrucUon and Siaintenanee Ckympany, 


Limited. 


Cable. 

(For mechanicftl data see 

pp. 4&, 46.) 


Date. 


1 

1 


Electrical Talues ai U'> Cent 


CondnctoBi 


Dielectric (U.P.) 


si 


ll 




ill 






1 


It 




III 








\ 


1^ 


S|« 


Place«tia and St fierreb 
St. Pierre and Sydney, . 


1872 


110) 
182 5 


11 '930 


93*4 


m 


•303 


Consftantinople 


19 


5 


• ♦• 


••• 


••• 


••• 


England and Spain, 
Vigo and Lisbon ♦ 


1873 


6191 
247 J 


10528 


94*4 


321 


•296 


Ireland and Newfoundland, 


»• 


1876 


3167 


941 


254 


-353 


Placentia and Sydney, . 
Sydney and Placentia, • 


*> 


314) 
280i 


12-070 


92-3 


451 


•317 


Neuwerk and Heligoland, 


1* 


31 


11-879 


93-8 


262 


•312 


Lisbon and Madeira, . 


ty 


613 


10-567 


94 


296 


J297 


Alexandria and Cr«*e, . 


tt 


359 


11-780 


94-6 


335 


•307 


Crete and Zante, . 


99 


238 


11-668 


95-5 


258 


•309 


Zante and Otranto, 


1 874 


187 


11-553 


96-4 


256 


•305 


Italy and Sicily, . 


» 


5 


... 


••• 


... 


••« 


Jamaica and Porto Bico, 




647) 
37$ 










Martinique and Dominica, 


>> 


U-035 


96-7 


274 


•306 


Madeira and St. Vincent, 


t» 


1196 


10-436 


95-2 


285 


•297 


Kilia and Odessa, . 


99 


349 


11-722 


951 


278 


'303 


St Vincent & Pernambnco, 


>• 


1844 


4-836 


96-7 


312 


•302 


Ireland an4 Newfoundland, 


»» 


1837 


3135 


95-1 


282 


•332 




if 


3 


••• 


... 


... 


•f 


Italy and Sardinia, 


1875 


118 


12024 


92-7 


373 


•296 


Yankalilla and Kingscote, 


*9 


38 


11-641 


95-8 


228 


•300 


Australia andNewZealand, 


1876 


1282 


11-708 


95-2 


273 


-300 


Cook'9 Straits, N.Z./ . 


•» 


45 


11-851 


94-0 


417 


•307 


Suez and Aden, . 


•» 


1443 


io-iso 


97-6 


333 


•301 


Aden and Bombay, 


1877 


1888 


6-800 


97-4 


344, 


-314 



^ NUTK.— These tables were kindly funiisliea Ijy Williflm Sbuter. Esq. 

Telegraph (>)nstniction and MalnteSaooeComr^^^^ mwra oouwr, i-sq. 

« For cables prior to ISTS^aoe "•SlfifiMcal Tables** Clofk and 8ablne» 
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TABLE XIY.— Continued. 



ObUe, 




1 


SlectricalTalnes at34» Cent 


Conductor. 


Dielectric (G.?.) 




ll 




^ 


(For mechanical data se^ 
PI^'47, 48.) 


Date. 


a 














K 


|| 


»^ 


Penang and BaDgoon^ . 


1877 


853 


11-561 


96-4 


341 


•308 


Marseilles and BoxUi^ . 


if 


463 


11-738 


94-9 


690 


•315 


Bona and Malta, , 


»> 


382 


11-644 


95-7 


618 


•302 


Para and Maranham, . 


1878 


309 


11-739 


94-9 


493 


-301 


Torpedo Cdbles, . 


»» 


289 


12-609 


96-5 


339 


•309 


Alexandria and Cyprus, 


ti 


327 


11-740 


94-9 


382 


•281 


Penan^ and Malaoca^ . 


1879 


274 


11-610 


96-0 


442 


•282 


Natal and Delagoa Bay, 


t> 


344 


11-586 


96-2 


461 


•282 


Delagoa and Mozambique, 


>f 


966 


11-693 


95-3 


438 


•284 


Malacca and Singapore, . 


.»» 


116 


11-643 


96 -a 


425 


•280 


Germany and Norway, 
3 Conductors, . 


t9 


251 1 


1, 12-499 
2, 12-477 


95-4 
95-6 


357 
342 


-285 
•286 






( 


3, 12-487 


95-5 


351 


•283 


Mozambique and Zanzibar, 


99 


631 


11-634 


95-8 


391 


•282 


Singapore and Java, 


» 


919 


11-576 


96-3 


378 


•282 


Aden and Zanzibar, 


>t 


1908 


4-935 


96-7 


296 


-314 


Java and Australia, 


1880 


1131 


11-644 


95-7 


345 


-282 


Wanganui and Wakapiiaka 


»» 


108 


11-378 


97-9 


409 


•281 


Hong Kong and Luzon, . 


» 


628 


11-463 


97-3 


456 


-?so 


Placentia and St. Pierre, 
3 Conductors, 


• 9 


109 


1, U-442 

2, 11-414 


97-4 
97-6 


617 
494 


•282 
•282 








3, 11-446 


97-4 


602 


•282 




9» 


1423 


4-161 


95-5 


478 


•316 


England and Norway, . 


»> 


423 


6-864 


96-5 


600 


-303 


Norway and Sweden 


if 


94 


6,733 


98-4 


440 


•303 


St Pierre and Sydney, 
3 Conductors, 


»» 


185] 


1, 11-414 

2, 11-387 


97-6 
97 9 


651 
600 


•282 
-282 






( 


3, 11-422 


97-6 


613 


•282 


Singapore and Batavia, . 


1881 


537 


11-297 


98-7 


709 


-316 


Trieste and Corfu, 


i> 


650 


9-155 


100-0 


658 


•352 


Valentia and Greitseil, . 


1882 


841 


9098 


100-0 


667 


•354 


•wmo«i 


;bby Smi 


th. Electric 


[ati-lQ^biel 
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8TBB8S WHBN LAYIKO AKD 6PBED WHBN WORKING CABLB8. 53 

h. Formula for ascertaining thr Stress when laying a Svb^ 

MARINB OaBUS, USING ORDINARY DYNAMOMETER. 




Fig. la 

8 ^ stress on cable, in,cwts. (to be found.) 
W = weight o( dynamometer pulley, crosshead, &a, in ewts. 
;» horizontal length between centre of dynamometer and 

where cable touches after galdesheave (in inches), 
dsdeflectiou of dynamometer pointer from horizontal line (E)^ 
(in inches). 

By paraUelogiam of forces S»^^^^^^^^ (ovtt.) 



.\d^ 



Wl 



Since the stresses and deflections of dvnamometer.a^ in inyerse 
ratio to one another, and W and I are constant, it is only 
necessaiT* to work out one example for d; plot it off on the 
dynamometer scale, and mark the others in the inverse- ratio.— ^ 
f.e.s for double the stress half the deflecdon* 

i AVKRAQV WoRKIKa SpEBD THROUGH LONO SUBMARINB OaBLBS^ WITH SlR 

Wm. Thomson's Siphon Becobdir and Mirror Qalvanomxtbb. 



,. ^ «...w^w.. » ^^^OV tUECOBDIR AND MIRROR UALVANOMXTBB. 

3_^^« logP-log^ ^^ 70.4 ,„ ^Og Vf (HlFTlgrW - log ^/7(R^r 



(See p. SI, Art. 5. and p. jS9, Art 6.) 



Where S » speed in letters per minate. 
Da diameter of dielectric in mils. 

(-001 inch), 
d ^diameter of condactor in mils. 
(*001 inch) 



Wfis weight of dielectrio in lbs. 

per knot. 
w cs\mght of condactor in Ibe. 

per knot. 
I al^j^h of cable in knots. 



caa constant determined bv experiment ss28()00; fh>m a number of ex- 
periments on cablies with Willongnby Smith's improved guttapercha, and 
with 95o/** purity of copper conductor. • 

E.g Using the data for the Ireland-Newfoundland cable, given at p/ 46 
Table XIL, we get S^ 105 letters per minute. 

The constant (c) for ordinary guttapercha, or any other form of dielectric, 
will be in the inverse ratio of its electro-static capacity per knot to that of 
W. Smith's (see pp. <29, m). 

If R a the total resistance of the cable conduijtovin Qhms» aSTDSiiqECed after 
submeraiony and Kathe total capaoitv^ muffD&cad^ 



H ELECTBICAIi RT7LES, TABLES, AND FORMUJCiBL 

_• c 

Then S = frr^ {^ letters per minute). 

Where Ci s ft constant determined by experiment ^ 36 x 10 , firom sunml^er 
of experiments with W. Smith's core, with 95 J** purity of conductor. Testing 
the above-mentioned Ireland-Kex^'foundland cable (see p. 50, Table XIV.)) 
by tins fonnnla S=s 106 letters per mLiute. 

Ltmit ofiSSpeed'^AQtomatic senders have not proved as yet very snccessful 
on cables* and as the average working limit of speed of a good telegraphist is 
135 letters per minute with the Siphon Recorder, a submarine oab& need not 
be designed, accprdingto the aboveformula, to exceed this in carrying capacity. 

Duplex increases tne total carrying capacity by about 90 ^A <^<^ manual 
translation on two sections along with duplex by about 150 J% but manual 
translation on three sections is not successful. 

Words per M%nu^*^ln estimating the 8i>eed of signalling in words per 
minute, the number Of letters to the word should always be stated to prevent 
ambiguity. Hitherto it has been usual to take the length of a word as 5 
letters, but from the mean of a large number of telegrapn messages, it has 
been found that 7 letters go to the word. 

The Speed wiiJi MiWqr Galvanometer, if worked by very first-class mirror 
elerks, is slightiy*|;reater than that with the Siphon Recorder, but the average 
IB about the same. Preference is now univepsally given to the recorder, on 
account of its many advantages — such as permanent record of signals, fewer 
and less skilled clerks required, and it is much less trying to the eyes of the 
operator than the mirror system. 

The Morse Recorder, when worked with cables, has a speed of about ^ tiiat 
of the Siphon Recorder. It can, therefore, be used only with short cables of^ 
say, under 400 knots (with to =107 lbs. and W=140), but if worked in con- 
nection with the Brown-Allan relay, the speed is increased, and it may be 
advantageously used with longer cables. See "Working of the Brown-Allan 
Rehiyf*'by Mance, Journal ^the Society of Telegraph Eng'meerst VoL XL, 
Ko. 42. 

§ VIIL— AEEUL LAND LINES. 

a. Iksulatoe for Teleoeaph Likes, Messrs Johnson & Phillips 

These in&iilators are designed to prevent surface leakage. 

An insulating fluid (S), which -will not sup- 
port a film of dust or moisture, is placed in 
a recess formed in the porcelain^ and weU 
protected from the weather. 

In this way a fluid surface is interposed 
between "line" and "earth," which is 
always clean, dry, and highly insulating in 
the dampest weather. 

An insulation manj^ hundred times higher 
thatfr that given by the ordinary forms of 
insulators now in geneitJ use is thus ob- pj yj 

tained. The employment of these insulators 
on coast lines, where the porcelain quickly befeomnes coated with 
a conducting film of salt, is found very ben^daL 
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T4BLE XVt-mOK Wmfi FOR LAND UWES/ 



S^ 


Diii&eter. 


Amor 


Weight 
of 100 
Tarda. 


weight 


Icwt 


Breaking 
Strain. 


CWuUnlb 


Hard 
Wira 


Soft 
Wire. 


00 


0*363 


Mfllf- 

metm. 

9^1 


Sq.lii. 
0-103 


Lbs. 
102-00 


Lbs. 
1794 


Tarda. 
110 


Lbs. 
8600 


Lbs. 
6000 





0-331 


8-40 


0-086 


8472 


1490 


132 


7100 


4750 


1 


0*300 


7-61 


0-071 


68-75 


1210 


162 


6000 


4000 


2 


0^80 


711 


0-062 


59-90 


1054 


187 


4850 


3400 


3 


0-260 


6-60 


0-053 


51-65 


909 


215 


4000 


2900 


4 


0-240 


610 


0-045 


44-00 


775 


255 


3400 


2500 


5 


0^20 


5-59 


0038 


37-00 


651 


303 


2950 


2200 


6 


0-200 


5-08 


0-031 


30-56 


538 


361 


2500 


1800 


7 


0-185 


4-69 


0-0265 


26-15 


461 


428 


2200 


1520 


8 


0-170 


4-31 


0-023 


^•10 


389 


609 


1760 


1200 


9 


0155 


3-93 


0-0195 


18-36 


323 


609 


1500 


950 


10 


0-140 


8-55 


0-016 


14-97 


264 


747 


1200 


820 


11 


0-125 


317 


0-0125 


11-95 


211 


939 


820 


650 


12 


0110 


2-79 


0010 


9-24 


163 


1244 


710 


510 


13 


0-095 


2-41 


0-0071 


7-05 


12i 


1589 


640 


400 


U 


0085 


215 


0-0057 


6-51 


97 


2031 


510 


350 


15 


0-075 


1-92 


0-0044 


4-29 


76 


2608 


410 


300 


16 


0065 


1-65 


0-0033 


3-22 


57 


3473 


350 


200 


17 


0057 


1-44 


0-0026 


2-48 


. 44 


4515 


280 


150 


18 


0O50 


1-27 


00020 


1-91 


34 


5600 


200 


115 


19 


0-045 


114 


0-0016 


155 


27 


7246 


150 


85 


20 


0-040 


1-01 


0-0013 


1-22 


21 


9168 


110 


66 


21 


0O35 


0*88 


0-0010 


0-94 


17 


11980 


85 


60 


22 


0-030 


0-76 


0-0007 


0-69 


12 


16300 


65 


40 



The above table has been supplied by Messrs. Jobnson and Nephew, of 
Manchester; the wt^ wire is uiat mamifactnred by them expressly for 
tele^phic purposes. 

Btrmingham Wire Gau^c. —The diameters of the several gauges must be 
considered approximate only.. There* is no authorised standard, and the sizes 

ofdifferent makers vary considerably. (See Table XVIIL.]^ 58,forEW.O.) 

— . ■ ^ ■ __ ^ - , ■ ,,- 

• From ** Pcactical Telegraphy," by CMley. 
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dip akd span tables fob tblsobapb wires. 07 

(. Dip and Span Tables foe Tsleg&aPh Wires. 

Bt R. Von FlSCHER-TREUENFELa 
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Fig. la 

A telegraph wire suspended between two supports of equal 
hdght forms a curved line, "the catenary," depending ugon the 
following conditions : — 

8 s span, or direct distance between the two supports, 
/s actual length of wire between the two sup|K>rts. 
<f«dipof wire. 
W « weight of one foot of wire 
6 8 tension of wire at the lowest point of the curve. 

The mathematical deduction of these unknown quantities 13 
to be found in many text-books of telegraphy, and th^ following 
equations only relate to the practical caleidation of dip and 
span, viz. -• — 

(.., ,.^ (3.) (.S.|4* (8.) iV^¥^ 

The preceding table is so arranged that the dip required for 
any span between 200 and 2000 feet can be read off without 
calculation. A change of temperature causes either an increase 
or decrease in the length (l) of the wire, the dip (cQ, and t]ie 
tension ((). « The table gives the necessary allowance which mu/st 
be made for any decrease of temperature after the day of t%9 
erection of any given span. The wire must be erected under the 
following condition, viz.,— ^that after it has <k)ntnictod tp it« 
minimum of length, under the action of the lowest temperature 
of the coldest winter day, the limit of tension (6), which repre- 
sents a certain ik»ction of the breaking strain, must not be 
exceeded. 

This fraction b generally one- third the actual breaking strain^ 
and taking for illustration the 'P.O. standard wire. No. 8 6.W.G., 
of *1 70-inch diameter, with .a weight of 396 lbs. per statute mile, 
and 1200 lbs. actual minimum breaking straixi, the maximum 
tension (6) of the suspended wire, during its lowest winter 
temperature, ought not to exceed Ob 400 lbs. The weight of 
1 foot of this wire is W-OOTS lb. 
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TABLB XVIIL 
TABLE OF THB BIBMIKGHAH WIRE GAUGE. 



«0. 

B.W.O. 


IniiiBlnaL 


41 


8e<starM' 


B.W«Q. 


.faklBfihML 


ti> 


Seoluea 


Idr&in. 


1-000 


1-0000 


•7854 


134 


•089 


•0079 


•00622 


0000 


^454 


•2061 


•16188- 


14 


•083 


•0069 


•00541 


000 


•425 


•1806 


•14186 


144 


'077 


•0059 


•0046a 


00 


380 


•14i4 


•11341 


15 


•072 


•0052 


•oo«w 





•340 


•1156 


•09079 


1^4 


H)68 


O046 


O0363 


1 


•300 


•0900 


•07068 


16 


•065 


•0042 


•0033^ 


2 


•284 


•0807 


•06335 


17 


"058 


^0336 


•00264 


8 


•259 


•0671 


•05268 


18 


•049 


H)0240 


•00188 


4 


•238 


•0566 


•04449 


19 


•042 


•00176 


i)0138 


6 


•220 


•0184 


•03801 


20 


•039 


•00123 


•00096 


6i 


•211 


•0445 


•03497 


21 


'032 


•00102 


•00080 


6 


•203 


•0412 


•03236 


22 


•028 


•00078 


D0061 


«i 


•191 


•0365 


•02865 


23 


•025 


•00063 


•00049 


t 


•180 


•0324 


•02545 


24 


*IK22 


•00048 


•O0O38 


74 


•172 


•0269 


•02324 


25 


•020 


•00040 


ixxm 


S 


•105 


•0272 


•02138 


2tf 


^18 


•00032 


•00025 


81 


•156 


•0243 


•01911 


27 


•016 


•000256 


•00020 





•148 


!0219 


•01720 


28 


•014 


•000196 


•0b015 


94 


•141 


•0199 


•<fil561 


29 


•013 


•000169 


•00013 


10 


•134 


^180 


•01410 


30 


•012 


•000144 


•00011 


104 


•127 


•0161 


•01267 


31 


•010 


H)00100 


•000078 


11 


•120 


•0144 


•01131 


32 


O09 


•000081 


•000063 


114 


•114 


■0130 


•01021 


33 


•008 


•000064 


•000050 


12 


•109 


•0119 


•00933 


34 


•007 


•000049 


•000038 


124 


•102 


•0104 


•00817 


35 


•005 


•000025 


•000019 


13 


•095 


•0090 


•00708 


36 


•004 


•000016 


•000012 
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H^H-COO 



CO WHij^j-LOjo^ifL. 



Komber of Strands in Conductor. 
Diameter of eietcli Stcand. 



Approsiinate Size in 6. W. G. of each 
Strand of Condoctor. 



Diameter^ Conductor after Stranding. 



"Weight of Conductor per 1,000 
Yards length. 



Electrical Besistance per 1,000 Yards 
ateo^X'ah. 



o» OiCi^Oi Pi Pi ^ 
-^ *4 *a SI *J "J? "^ •^ 






Fattom Number. 



Diameter of Cable. 



Weight of Cabla 
per 1000 Yards. 



Pattern Number. 



Diameter of Cable. 



Weight of Cable 
per 1000 Yards. 
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Pattern Numbers. 



Diameter of Cable. 



Weight of Cable 
per' 1000 Yards. 



Pattern Number. 



Diameter of Cable. 



Weight of Cable 
per 1000 Yards. 



Pattern, Number. 



Diameter of Cable. 



Weight of Cable, 
per 1000 Yards. 



Pattern Number. 



Diameter Of Cable. 



Weight of Cable 
per 1000 Yards. 
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SLBCTBICAX* BULB8« TABLES, AKD FOBHUL& 



& JBIcctrie Iitglitik-* 




]Uw,Cag* 



Tlien fiMistafice ITol (/Q in Ohm$ of limp • 

Bk^trkallfniergif in YFatfo spent on Lunp < 
Energy in KU<iram'metreB „ ,» 

Energy in ff one-Power ^^ * n • 

Caii(2Zea2'0^£ror«e-/^9tMf 

ffeea unUe pef Oandh in fjlTaimme degrees « 



L atheeleetiiolamp(a^oriiicaii4t0oei^()* 
B sfhe gonerator (tf eleetricity (bitteiy or 

dynamo). 
R T= Key for completing the ciranii. 
AGs Ampere salvaiiometer of very loir 
teelniance, for mounting the 
•current strength (C) In amu^rae. 
PQspolentUl galvanometer of hisb r«!0ist» 
«nce» for measaring the cufferenoe 
^potential (JS) in toIW, between 
the terminals of the lamp. 
The lamp is placed in a snitable photo« 
meter, and simnltaneons readings of the 
candle powers (A the cnrrent.CO) and 
E.M.F. C£) m iODUL Then, \^ OhSa' 



B 

»Bx 0x0*10192 
SxO 



In the case of Xncandescent Lamps^ the reeieUinc^ cold (r) of lamp is best; 
fonnd by the.WheaiiKme bridge, using a venr low battery power, say I or ^ 
cells, as the resistalioe fidls qmckly if the carbon filament becomes heated.* 

c DysMMM.— In testing the eSciency of * ^mamo, the liamp (L) in Fig. 
10 is retraced bv resistance coils of German silver or iron wire, or better, bv 
thin ribands of these metaU* and the battery (B) by the dynamo* With 
different resistances in circuity rea^gs ore taken on the j^vanomet^rs. 
At the sa^e time, the mechanical energy transmitted to the ^mamo "by belt 
or otherwise, is measored by a suitable dynamometer. 

If lP)«th6 horse-p6wer transmitted to the dynamo^ and ^^«^he 

electrical eneigy or work done on the resistance coil or external dronit^ <.«.» 
the nsefol electrical horse-power given out by dynamo^ 

Then the eApiencys^^^. F<Hrexampl^.seetriall,Tal>foXX.,p. 6d. 

Where (G)acaiTent through external dronit » 80*7» S8(CxB)at 
(30-7 >(S*81)== 101-9 volts, and (P)»6^ 

.% Percentage effidenfly«^^^=C6'3^ 
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d tkc«adar/ BaiieriM av AecaHtalaimna.— In ohargiiig teoondanr 
batteries, the batterv to be charged replaces (L), and a dynamo; if used, 
takes the^plaoe of (B) in Fig. 19. Readings are taken for (C) and (E) at 
frequent intervals. From these the energjr of charging oorr^fe is foun^ in 
W^tts. In estimating the total work done in chai^ging, time most be taken 
into account. 

In testing the dischamng, the battery ;take8 the place of (B), and 
resistance coils or lamps that of (L) in Fi^l9. (C) and (E) are noted, and 
the energy, as well as total work done in Watts^ obtained ^ before. 

The total work done in charging and dischara;ing may also be measnred by 
a suitable voltameter joined up as a shunt to the secondary batteiy, so 48 to 
pass a known fraction of the conent through it (see pages .A ^\ '^ 

e. TnuMOilaelMi •€ P«wer.— The efficiency of the transmission of power 
by electricity o^y be* tested without the aid of electrical apparatus by simply 
attaching suitable dynamometersf to the generator and niotpr, ai^d taking 
simultaneous readings, 

li^t Fi's^the power applied to generator, and Pas^thd power given out by 

motor. Then the percentage effidency s= — ^p^* I( however, yt^ wish to 

test the systom electrically, let the generator replace (B) and the motor (L) 
in Fig. 19. Attach a potential galvanometer to the terminals of the generator, 
and ^iace' one current gidvanometer at each end dose to generator and motor. 
Take simultuieous reelings on all four galvanometers. We have, whatever 
the lengtii and insulation of line wire may be, £1 and E^^E^ M, F in volts; 
Oi wid Ci^ounent. in amperes at generator and motor respectivelj. 

Then 

EiCispowpr g^v^ ont by generator in Watts*. 
%fi%m „ veorivedl^ motor „ 



above efficiency 
' economically^ 



The ekotrifiil effioency of the systems^^* 

If W9 wish the motor to give out power most rapidly, the at 
will be equal to <mc-ha^f; but if we-wish it to do work most 

then ^^^ ttost bo » mt^''"""* (a^ if the iosnlation of the line wire be 
Eivi JSi 

perfeeb aod Ci»Qt« when only one current galvanometer Is required in 
circuit). 

The ratio of tlio speeds of motor and generator should not be depended ttpon 
as a test of their sffioiienqy. 

t For a oomlSlto dwSrfoilon or Prof e«w« Ayrto^ 
PigMiioint^r,sse /^smsl M9<kt9 UUgr^fh gugifmri, Vok ZC Ho. tf; also Skttrkat 
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/.Bin WM. THOMSON'S GRADED GALVANOMETERS. 
Fob MEAfiUBiHa the Electro-Motive Forced and Currents 

IN ELEOTRIO-XilOflTINQ OR DyNAMO CIRCUITS, ,0B WHEN 
CHARaiNG AND DiSCHABGIKa SECONDARY C£LLs/&C.* 




. Kg. 20. 

The ip^MBtfai Oainuiomeier (Fig. 20) consists of al^iigh resist- 
ance coil C, fixed to a wooden platform P, and a magnetometer 
M. The coil C contains about 7000 turns, or over 2000 yards of 
German silver wire of No. 32 B.W.G4, and has a resistance of 
fully 6000 ohms. The platform P supports the coil and the 
magnetometer. The inagnetometer consists of a ^uadrantal- 
shaped bi^iss box, with a mirror bottom and glass cover, inside 
whioh a light system of magnetic needles and aluminium index 
or pointer is pivoted by means of a sapphire cap resting on an 
iridium point. The sensibility of the instrument is altered by 
putting the magnetometer nearer to or fieirther from the coil. The 
sensibility can be further varied by means of a 8emi-<;ircular 
magnet pjaced over the magnetometer, as shown in the figure. 
The intensit^^ of the field produced by this magnet is deter- 
mined and painted on it, wim the date of determination. This 
magnet renders the instrument less liable to disturbances due to 
other magnets, or to iron, or dynamos, in its neighbourhood. A 
scale Is engraved on the platform P, the number at any division 
of which indicates the number of divisions the magnetometer 
needle will be deflected by one volt when it id in a magnetic 
iield of C.G.S. unit intensity, and when the front k>f the magneto 
meter box is at that division. 

To find the volts corresponding to any given deflection of the 
needle — 

nui9.^MiUHply the number of divisions in the dejflection by the 
intensity of the Jield, and divide by the number at the division 
Exactly under thefroTtt of the TnalgnetomeU^ on the platform scale, 

*The8e instroments are iUnstrated in Figures 20 and 21, which are eDgrav* 
iogB from photoglyphs of t^ iostmoients. 
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Fig. 21. 



The Cmrtmt GatiTaii^Hteier (Fig. 21) is^ with the exception of the 
coil, identical in every respect with the potential galvanometer. 
The coil in this instrument consists of a few turns, or of a single 
turn, of thick copper strip, and is capable of conveying very strung 
currents (100 amperes in the ordinary instruments). 

To find the number ot^imperes corresponding to any particular 
deflection with this instrument^- 

nm\e.-^Multiply the* number of divisions in the deflection by the 
intensity of the fields and divide by the numhcr at the division exacHy 
tender th^/ront of^ magnetometer vntlie platform scale* 

Bfarectiowi applicable .i# hmOt laMrnmeats. — ^ThcsO instruments 
should be so .placed that when uo cunrent is flowing in the 
coil, and no magnet is near the magnetometer, the index 
poiiits to zero. When the Bejmi-circular magnet is used on 
the magnetometer, the intensity of the field is nearly equal to the 
number on the magnet plus *17 for the intensity of the earth's 
field in the British Islands. If the earth's field alone be iised, 
its intensity at the place t>f obigiervation must be known. It 
may be taken from the Chart of Horizontal JFocce, of. the 
Admiralty Compass Manual. 

A very convenient set of electrodes and spring contact dips, as 
shown in the Figures 20 and 21, is supplied along with each of 
these instrument, whereby the galvanometers may 1)e quickly 
brought into or oift out of any electric circuit without .distud)ing 
the current in l^hatoironit 
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NEW BOOKS AND NEW EDITIONS 

PUBLISHED AND FOR SALE BY 

THE INDUSTRIAL PUBLICATION CO., 

New York. 



Any of these books will be sent to auy part of the world on 
receipt of i)rice. Cimadian bills aud fractional currency received 
at ]}ixT. British postage stamps received at the rate of two cents 
for one penny. U. S. postage stamps received for fractionnl parts 
of a dollar. 

New editions of our large catalogue are issued f lom time to 
time, and will be sent free to any address. J^-^ Liberal terms 

to AGENTS. 

Trade ''Secrets'' and Private Recipes. 

A Collection of Recipes, Processes and Formulae that have been offered for 
sale at prices varying from 25 cents to $500. With Notes, Corrections, Ad- 
ditions and Special Hints for Improvements. Edited by John Phin, assisted 
by an experienced and skllliU Pharmacist. Cloth, Gilt Title, - - 60c. 

This work was prepared by the author for the purpose of collecting and pre- 
senting In a compact form all tiiose recipes and so-called ^^ trade secrets " which 
have been so extensively advertised and offered for sale. It is not by any 
means a clap-trap book, though it exposes many clap-traps. It contains a large 
amount of valuable information that cannot be readily found elsewliere, and it 
gives not only the formulae, etc., for manufacturing an immense variety of arti- 
cles, but important and trustworthy hints as to the best way of making money 
out of them. Even as a book of recipes it is worth more than its price to any 
one who is interested in the subjects on which it treats. 

The Workshop Companion. Part II. {Nearly Ready:) 

A Collection of Useful and Reliable Recipes, Rules, Processes, Methods, 
Wrinkles and Practical Hints. For the Household and the Shop. Neatly 
bound. Paper, 35c. Cloth, 60c. 

The extraordinary number which has been sold of the First Part of the 
'* Workshop Companion," proves conclusively that sucii a little work was 
needed. Having received frequent inquiries for Information upon subjects 
which were not discussed in the First Part, we have had a Second Part pre 
pared for the purpose of supplying tlie information thus called for. The Second 
Part has been edited with the same care and thoroughness which did so much 
towards rendering Part I. a favorite with every worker. The best sources of 
knowledge have been consulted, and the more Important articles have been 
confided to the hands of specialists of well-known ability. 

The two parts will also be Issued in one volume, printed on extra paper, and 
handsomely bound in cloth, with gilt stamp, under the title of The Practical 
Assistant. Price, .-._- $i.oo 



PRACTICAL BOOKS FOR PRAC TICAL MEN. 

The Steel Square and Its Uses. By Hodgson. 

Second and Enlarged Edition, $1-00 

Tills is the only complete work on The Steel Square and Its Uses ever published. 
It is thorough, exhaustive, clear and easilv understood. Confounding terms and 
scientific phrases have been religiously avoided where possible, and everything 
in the booli has been made so plain that a boy twelve years of age, possessing 
ordinary Intelligence, can understand it from end to end. 

The new edition is illustrated with over seventy-live wood cuts, showing how 
the Square may be used for solving almost every problem in the whole Art of 
Carpentry. 

Stair-Buiiding Made Easy. 

Being a Full and Clear Description of the Art of Building the Bodies, Car- 
riages and Cases for all kinds of Stairs and Steps. Together with Illustra- 
tions showing the Manner of Laying Out Stairs, Forming Treads and Risers, 
Building Cylinders, Preparing Strings, with Instructions for Making Car- 
riages for Common, Platform, Dog-Legged, and Winding Stairs. To which 
is added an Illustrated Glossary of Terms used in Stair-Building, and Designs 
for Newels, Balusters, Brackets Stair-Mouldings, and Sections of Hand- 

Rails. By Fred. T. Hodgson. Cloth, Gilt, $1.00 

This work takes hold at the very beginning of the subject, and carries the 

student along by easy stages, until the entire subject of Stair-Building has been 

imfolded, so far as ordinary practice can ever require. This book and the one 

on Hand-Railing, described below, cover nearly the whole subject of Staib- 

. Building. 

A New System of Hand-Railing. 

Or, How to Cut Hand-Railing for Circular and other Stairs, Square from the 
Plank, without the aid of a Falling Mould. The System is New, Novel, 
Economic, and Easily Learned. Rules, Instructions, and Working Draw- 
ing for Building Rails for Seven Different Kinds of Stairs are given. By 
An Old Stair-Builder. Edited and Corrected by Fred. T. Hodgson. 
Cloth, Gilt, $1.00 

The Workshop Companion, 

A Collection of Useful and Reliable Recipes, Rules, Processes, Methods, 
Wrinkles and Practical Hints for the Household and the Shop. Neatly 

Bound. 35c. 

This is a book of 164 closely printed pages, forming a Dictionary of Practical 
Information, for Mechanics, Amateurs, Housekeepers, Farmers, Everybody. It 
is not a mere collection of newspaper clippings, but a series of original treatises 
on various subjects, such as Alloys, Cements, Inks, Steel, Signal Lights, Polish- 
ing Materials, and the art of Polishing Wood, Metals, etc.; varnishes. Gilding, 
Silvering, Bronzing, Lacquering, and the working of Brass, Ivory, Alabaster, 
Iron, Steel, Glass, etc. 

Drawing Instruments. 

Being a Treatise on Drauffhting Instruments, with Rules for their Use and 
Care, Explanations of Scale, Sectors and Protractors. Together with Memo- 
oranda for Draughtsmen, Hints on Purchasing Paper, Ink, Instruments, 
Pencils, etc. Also a Price List of all materials required by Draughtsmen, 
niustrated with Twenty-four Explanatory Illustraiions. By Fred. T. 
Hodgson, Paper, - ^ - - 25c. 



Practical Carpentry. 

Illustrated by Over 300 Engravings. Being a Guide to tlie Correct Working 
and Laying Out of all kinds of Carpenters' and Joiners' Work. With the 
solutions of the various problems in Hip-Roofs, Gothic Work, Centering, 
Splayed Work, Joints and Jointing, Hinging, Dovetailing, Mitering, Timber 
Splicing, Hopper Work, Skylights, Raking Mouldings, Circular Work, etc., 
etc., to which is prefixed a thorough treatise on " Carpenter's Geometry." 
By Fred. T. Hodgson, author of " The Steel Square and Its Uses," " The 
Builder's Guide and Estimator's Price Book," '' The Slide Rule and How to 

Use It," etc., etc. Cloth, Gilt, $1.00 

This is the most complete book of the kind ever published. It is thorough, 

practical and reliable, and at the same time is written in a style so plain that 

any workman or apprentice can easily understand it. 

Hand Saws. 

Their Use, Care and Abuse. How to Select and How to File Them. By 
Fred. T. Hodgson, author of "The Steel Square and Its Uses," "The 
Builder's Guide and Estimator's Price Book," " Practical Carpentry," etc., 
etc. Illustrated by Over 76 Engravings. Being a Complete Guide for 
Selecting, Using and Filing all kinds of Hand Saws, Back Saws, Compass 
and Key-hole Saws, Web, Hack and Butcher's Saws ; showing the Shapes, 
Forms, Angles, Pitches and Sizes of Saw Teeth suitable for all kinds of 
Saws, and for all kinds of Wood, Bone, Ivory and Metal ; together with Hints 
and Suggestions on the choice of Files, Saw Sets, Filing Clamps, and other 
matters pertaining to the care and management of all classes of hand and 

other small saws. Cloth, Gilt, $1.00 

The work is intended more particularly for operative Carpenters, Joiners, 

Cabinet Makers, Carriage Builders and Wood Workers generally, amateurs or 

professionals. 

Plaster : How to Make, and How to Use. 

Illustrated with numerous engravings in the text, and Three Plates, giving 
some Forty Figures of Ceilings, Centrepieces, Cornices, Panels, and Soffits. 
Being a complete guide for the plasterer, in the preparation and application 
of all kinds of Plaster, Stucco, Portland Cements, Hydraulic Cements, Lime 
of -Tiel, Rosendale and other Cements. To which is added an Illustrated 
Glossary of Technical Terms used by plasterers, with hints and suggestions 
regarding the working, mixing and preparation of scagliola and colored 

mortars of various kinds. Cloth, Gilt, $1.00 

Just the book for Plasterers, Bricklayers, Masons, Builders, Architects and 
Engineers. 

The Builder's Guide and Estimator's Price Book. 

Being a Compilation of Current Prices of Lumber, Hardware, Glass, 
Plumbers' Supplies, Paints, Slates, Stones, Limes, Cements, Bricks, Tin, 
and other Building Materials ; also. Prices of Labor, and Cost of Perform- 
ing the Several Kinds of Work Required in Building. Together with Prices of 
Doors, Frames, Sashes, Stairs, Mouldings, Newels, and other Machine Work. 
To which is appended a large number of Building Rules, Data, Tables, and 
Useful Memoranda, with a Glossary of Arcniiectural and Building Terms. 
By Fred. T. Hodgson, Editor of *• The Builder and Wood-Worker," Author 
of "The Steel Square and Its Uses," etc., etc. 12mo., Cloth, - $2.00 



Easy Lessons ; or. The Stepping Stone to Architecture. 

Consisting of a Series of Questions and Answers Explaining in Simple 
Language tlie Principles and Progress of Arcliitecture from the earliest 
times. By Thomas Mitchell. Illustrated by nearly 160 Engravings. New 
Edition with American additions, 50c. 

Architecture is not only a Profession and an Art, but an important branch 
of every liberal education. No person can be said to be well educated who has 
not some knowledge of its general principles and of the characteristics of the 
different styles. The present work is probably the best architectural text-book 
for beginners ever published. The numerous illustrative engravings make the 
subject very simple and prevent all misunderstanding. It tells about the dif- 
ferent styles, their peculiar features, their origin and the principles that under- 
lie their constniction. 

Buck's Cottage and Other Designs. 

Just the book you want if you are going to build a cheap and comfortable 
home. It shows a great variety of cheap and medium-priced cottages, be- 
sides a number of useful hints and suggestions on the various questions 
liable to arise in building, such as selection of site, general arrangement oi 
the plans, sanitary questions, etc. Cottages costing from $500 to $5,000 are 
shown in considerable variety, and nearly every taste can be satisfied. 
Forty designs for fifty cents. Paper, 60c. 

The inmrmation on site, general arrangement of plan, sanitary matters, etc., 
etc., is worth a great deal more than the cost of the book. 

Water-Closets. 

A Historical, Mechanical and Sanitary Treatise. By Glenn Brown, Archi- 
tect; Associate American Institute of Architects. Neatly Bound in Cloth, 
with Gilt Title, $1.00 

This book contains over 250 Engravings, drawn expressly for the work by the 
author. The drawings are so clear that the distinctive features of every device 
are easily seen at a glance, and the descriptions are particularly full and 
thorough. The paramount importance of this department of the construction 
of our nouses renders all comment upon the value of such a work unnecessary. 

iiints and Aids to Builders. 

Hints and Aids in Building and Estimating. Gives Hints, Prices, tells how 
to Measure, explains Building Terms, and, in short, contains a fund of in- 
formation for all who are interested in building. Paper, - - - 25c. 

Common Sense in the Poultry Yard. 

A Story of Failures and Successes. Including a full account of 1,000 Hens 
and What They Did. With a complete description of the Houses, Coops, 
Fences, Runs, Methods of Feeding, Breeding, Marketing, etc., etc. And 
Many New Wrinkles and Economical Dodges. By J. P. Ha to. With 
numerous illustrations. 12mo., Cloth, Gilt, - - - - - $1.00 

A most interesting narrative, which embodies the actual experience of many 
years in the keeping of poultry in large and small numbers. 



Hints for Cabinet Mal(ers, Upholsterers, and Furniture Men. 

Hints and Practical Information for Cabinet-Makers, Upholsterers, and Fur- 
niture Men generally. Together with a description of all kinds of Finishing, 
with ftill directions therefor, Varnishes, Polishes, Stains for Wood, Dyes for 
Wood, Gilding and Silvering, Receipts for th6 Factoiy, Lacquers, Metals, 
Marbles, etc. ; Pictures, Engravings, etc. ; Miscellaneous. Tliis work con- 
tains an immense amoimt of the most useful information for those who are 
engaged in Manufacture, Superintendence, or Construction of Furniture or 
Wood Work of any kind. It is one of the Cheapest and Best Books ever 
published, and contains over 1,000 Hints, Suggestions, Methods, and De- 
scriptions of Tools, Appliances and Materials. All the Recipes, llules, ami 
Directions have been carefidly Revised and Corrected by Practical Men of 
great experience, so that they will be found thoroughly trustworthy. ClotL^ 
Gilt, $1.00 

Mechanical Draughting. 

The Student's Illustrated Guide to Practical Draughting. A series of Prac- 
tical Instructions for Macliinists, Mechanics, Apprentices, and Students at 
Engineering Establishments and Technical Institutes. By T. P. Pemberton, 
Draughtsman -and Mechanical Engineer. Illustrated with numerous en- 
gravings. Cloth, Gilt, $1.00 

This is a simple but thorough book, by a draughtsman of twenty-flve years' 
experience. It is intended for beginners and self-taught students, as well as for 
those who pursue the study under the direction of a teacher. 

Lectures in a Workshop. 

By T. P. Pemberton, formerly Associate Editor of the " Technologist ; " 
Author of '' The Student's Illustrated Guide to Practical Draughting." With 
an appendix containing the famous papers by Whitworth "-^ On Plane Me- 
tallic Surfaces or True Planes; " "■ On an Uniform System of Screw Threads; " 
"Address to the Institution of Mechanical Engineers, Glasgow;" "On 
Standard Decimal Measures of Length." Cloth, Gilt, - - - $1.00 

We have here a sprightly, fascinating booif. ^lU of valuable hints, interesting 
anecdotes and sharp s'ajirigs. It is not a com.iilatlon oi' dull sermons or dry 
mathematics, but a live, readable book. The papers bv Whitworth, now first 
made accessible to the American reader, form tho basis of our modern sj'stems 
of accurate work. 

How tD Use The Microscope. 

By John Phin. Fifth Edition. Greatly enlarged, with over eighty Illustra- 
tions in the Text, and six full page Engravings, printed on heavy tint 
paper. Cloth, Gilt, $1.00 

This is not a book describing wTutt may he seen by the microscope, but a simple 
and practical work, telling how to use the instnimentin its application to llie 
arts. It lias been prepared for the use of tliose who, having no knowledge of 
the use of tlie microscope, or, indeed, of any scientific apparatus, desire simple 
and practical instruction in the best methods of manasrina: the instrument and 
preparing objects. 



"he iEngineer^s Slide Rule and Its Applications. 

A Complete lavestigatlon of the Principles upon which 
the Slide Eule is ConstructeJ, together with the Method 
of its Application to all the Purposes of the Practical 
Mechanic. By William Toukes. - - 25 cents. 

I ymes of Science: Wise and Otherwise. ^ 

By O. W. Holmes, Bret Harte, Ingoldsby, Prof. Forbes, 
Prof. J. W. McQ. Kankine, Hon. B. W. Baymond, and 
others. With IllustraUons. Cloth, Gilt Title, 50 cents. 

V/e advise all our readers into whose souls the sunlight of fun ever 
citors to purchase this little book. '* Making light of cereous things " 
h IS been said, by a high authority, to be *'&wicked profession," but the 
ciMiius which can balance the ponderosity of an ichthyosaur upon the 
dolioate point of a euphonious rhyme, or bear aloft a bulky lepto- 
r'ivncus on the sparkling foam of a soul-stirring love ditty, is worthy— 
^v'>l•thy of a purchaser.— P7tiZacte?p/iia Medical News, 

i >truction In the Art of Wood Engraving. 

A Manual of Instruction in the Art of Wood Engraving; 
with a Description of the Necessary Tools and Apparatus, 
and Concise Directions for their Use; Explanation of 
the Terms Used, and the Methods Employed for Pro- 
ducing the "Various Classes of Wood Engravings. By 
S. E. Fuller. Fully Illustrated with Engravings by the 
author, separate sheets of engravings for transfer 
and ]>ractice being added. New Edition, Neatly 
Bound, ------ 60 cents. 

What to Do in Case of Accident. 

What to Do and How to Do It in Case of Accident. A 
Book for Everybody. 12 mo.. Cloth, Gilt Title, 50 cents. 

This is one of the most useful books ever published. It tells exactly 
wli.it to do in case of ac<jidents, such as Severe Cuts. Sprains. Disloca- 
rio'is. Broken Bones, Bums with Fire, Scalds, Burns with Corrosive 
(^iiomicals. Sunstroke. Suffocation by Foul Air, Hangring. Drowning, 
l''jost-Bite, Fainting, Stings. Bites. Starvation, Lightning, Poisons, 
A'^c'idents from Machinery and from the Falling of Scaffolding, Gun- 
sh'>t Wounds, etc., etc. It ought to be in every house, for young and 
old are liable to accident, and the directions given in this book might 
l)e the means of saving many a valuable life. 



A New Book for Bee-Keepers. 

A Dictionary of Practical Apiculture, giving the correct meaning of nearly 
Five Hundred Terms, according to the usage of the best writers. Intended 
as a Guide to Uniformity of Expression amongst Bee-Keepera. Witli Nu- 
merous Illustrations, Notes, and Practical Hints. By John Phin, Author 
of How to Use tlie Microscope," etc. Editor of the "Young Scientist." 
Price, Cloth, Gilt, 60 cts. 

Tills work gives not only the correct meaning of five hundred different words, 
specially used in bee-keeping, but an immense amount of valuable Information 
under the different headings. The labor expended upon It has been very great, 
the definitions having been gathered from the mode In which the words arc 
used by our best writers on bee-keeping, and from the Imperial, Richardson's, 
Skeat's, Websters, Worcester's and other English Dictionaries. The technical 
Information relating to matters connected witn bee-keeping has been gathered 
from the Technical Dictionaries of Brande, Muspratt, Ure, Wagner, Watts, and 
others. Under the heads Bee, Comb, Qhicose, Honey, Baee, Species . Sugar, Wax 
and others, it brings together a large number of important facts and figures 
which are now scattered through our bee-literature, and through costly scientific 
works, and are not easily found when wanted. Here they can be referred to at 
once under the proper head. 

How to Become a Good Mechanic. 

Intended as a Practical Guide to Self-taught Men ; tel^Uig What to Study ; 
What Books to Use ; How to Begin ; What Difficulties will be Met ; How to 
Overcome Them. In a ^ ord, how to carry on such a Course of Self-Instruc- 
tion as will enable the Young Mechanic to rise from tlie bench to something 
higher. Paper, 15 cts. 

This is not a book of *' goody-goody " advice, neither Is it an advertisement 
of any special system, nor does it advocate any liobby. It gives plain, practical 
advice in regard to acquiring that knowledge which alone can enable a young 
man engaged in any profesvsion or occupation connected with the industrial arts 
to attain a position higher than that of a mere workman. 

Cements and Glue. ' 

A Practical Treatise on the Preparation and Use of all Kinds of Cements, 
Glue, and Paste. By John^ Phin, Editor of the '* Young Scientist" and tlie 
" American Journal of Microscopy." Stiff Covers, - - - 25 cts. 

Hints for Painters, Decorators and Paperhangers. 

Being a selection of Usefrd Rules, Data, Memoranda, Methods and Sug- 
gestions for House, Ship, and Furniture Painting, Paperhanging, Gilding, 
Color Mixing, and other matters Useful and Instructive to Painters and 
Decorators. Prepared with Special Reference to the Wants of Amateurs. 
By an Old Hand. 25 cts. 



Any of these books Will be sent post paid to any address 
receipt of price. 



The Workshop Companion. 

A Collection of Useftil and Reliable Recipes, Rules, Processes, Methods, 
Wrinkles and Practical Hints for the Household and the Shop. Neatly 

Bound 36c. 

!hl8 Is a book of 1.64 closely printed pages, forming a Dlctionarv of Practical 
Information, for Mechanics, Amateurs, Housekeepers, Farniei-s, Everybody. It 
is not a mere collection of newspaper clippings, but a series of original treatises 
on various subjects- ""Ch as Alloys, Cements, Inks, Steel, Signal Ligiits, Polish- 
inj? Materials, and the art of Polishing Wood, Metals, etc.; Varnislies, Gilding, 
Silvering, Bronzing, Lacquering, and the working of Brass, Ivory, Alabaster, 
Iron, Steel, Glass, etc. 

Carpenter's and Joiner's Poclcet Companion. 

Containing Rules, Data and Directions for Laying Out Work and for Calcu- 
lating and Estimating. Compiled by Thomas Moloney, Carpenter and 
Joiner. Neatly Bound in Cloth, with Gilt Stamp and Red Edges, - 60 cts. 
This is a compact and handy little volume, containing enough matter that is 

not easily found anywhere else to make it worth more than its price to every 

intelligent carpenter. 

Hints for Painters, Decorators and Paperhangers. 

Being a selection of Useful Rules, Data, Memoranda, Methods and Sugges- 
tions for House, Ship, and Furniture Painting, Paperhanging, Gilding, Color 
Mixing, and other matters Useful and Instructive to Painters and Decor- 
ators. Prepared with Special Reference to the Wants of Amateurs. By an 
Old Hand, 25 cts. 

Drawing Instruments. 

Being a Treatise on Draughting Instmments, with Rules for their Use and 
Care, Explanations of Sc£ue, Sectors and Protractors. Togetlier with Memo- 
oranda for Draughtsmen, Hints on Purchasing Paper, Ink, Instruments, 
Pencils, etc. Also a Price List of all materials required by Draughtsmen. 
Illustrated with Twenty-four Explanatory Illustrations. By Fued. T. 
Hodgson. Paper, 25c. 

Cements and Glue. 

A Practical Treatise on the Preparation and Use of all kinds of Cements, 
Glue and Paste. Py John Phin, author of " How to Use the Microscope." 

Paper, 25 cts. 

Contains nearly 200 recipes for the preparation of Cements for almost every 
conceivable purpose. 

Common Sense in the Pouliry Yard - - - $ .00 

What to Do in Case of Accic'ent ..... 50c. 

How to Become a Good Mechanic - - - - - 15c 

Rhymes of Science: Wise and OtherwiS3 .... 50c. 

Shooting on the Wing .... . . 75c. 

The Pistol, and How to Use It 50c. 



Any of these books will be sent post paid to any address on receipt of i»rice. 



Si^ooting on the Wing. 

Plain Directions for Aoqulrlng ihe Art of Shooting on 
the Wing. With Useful Hints conoeming all that relates 
to Guns and Shooting, and particularly in regard to the 
art of Loading so as to Kill. To which has been added 
several Valuable and hitherto Secret Becix)es, of Oreat 
Practical Importance to the Sportsman. By an Old 
Gamekeeper. 
12mo., aoth. Gilt Title. ... 75 cents. 

The Pistol as a Weapon of Defense, 

In the House and on the Boad. 

12mo., Cloth. - - ... 50 cents. 

This work alms to instruct the peaceable and law-abiding dtizens 
In the best means of protecting tliemselyeB from the attacks of the 
brutal and the lawless, and is the only practical book published on 
this subject Its contents are as follows : The Pistol as a Weapon of 
Defence.— The Cajrying of Fire-Arms.—Different kinds of Pistols in 
Market; How to Choose a Pistol.— A mmunition, different kinds; 
Powder, Caps, Bullets, Copper Cartridges, etc— Best form of Bullet- 
How to Load.— Best Charge ior Pistols.— How to regulate the 
Charge^— Care of the Pistol; how to Clean it— How to Handle and 
Carry the Pistol.— How to Learn to Shoot— Practical use of the 
Pistol ; how to Protect yourself and how to Disable your antagonist 

Lightning Rods. 

Plain Directions for the Construction and Erection of 
Lightning Eods. By John Phin, C. E., editor of "The 
Young Scientist," author of "Chemical History of the 
I Six Days of the Creation," etc Second Edition. En- 
larged and Fully Illustrated. 
12mo., Cloth, Gilt Title. ... 60 oenta 

Tills is a simple and practical little work, intended to oonvey Just 
such information as will enable every property owner to decide 
whether or not his buildings are thoroughly protected. It is not 
firritten in the interest of any patent or particular article of manu- 
facture, and by following its directions, any ordinarily skilful me^ 
ohanic can nut up a rod that will afford perfect protection, and thai 
will not infringe a:iy patent Every owr<^ of a lK>use or bam ougb* 
i» procured a copy. 



Hours with a Three-Inch Telescope. 

By Capt. WiLLiAJ* Noble, F. R. A. S., P. R. M. S., Honorary Associate 

of the Liverpool Astronomical Society, etc. 12mo., Cloth, - - $1.60 

This book is even more elementary and practical than Webb's " Celestial 

Objects. It has been written to furnish the very beginner in observational 

astronomy with such directions as shall enable him to employ, to the greatest 

gossible advantage, the kind of instrument with which he will, in all proba- 
illty, at first provide himself. 

Like our edition of Webb, the book has been made for us by the English pub- 
llshei-s, and is in all respects the same as the English edition. 

Celestial Objects for Common Telescopes. 

By the Rev. T. W. Webb, M. A., ?. B. A. S. Fourth Edition, Revised and 
Greatly Enlarged. Fully Illustrated with Engravings and a large Map of 

the Moon. Cloth, $3.00 

This edition has been made for us t)y the English publishers, and Is In every 
respect the same as the English edition. The work itself is too well known to 
require commendation at our hands. No one that owns eVen the commonest 
kind of a telescope can afford to do without it. 

'•'• Many things deemed Invisible to secondary Instruments, are plain enough 
to one who knows how to see them.'' — Smyth. 

" When an object Is once discerned by a superior power, an inferior on© 
will suffice to see it afterwards."— Sir W. Hbrschell. 

The Sun. 

A Familiar Description of His Phenomena. By the Rev. Thomas William 
Webb, M. A., F. R. A. S., author of " Celestial Objects for Common Tele- 
scopes." With Numerous Illustrations. Cloth, - - - - 40c. 
This work gives In a delightfully popular stylo aa account of the most recent 
discoveries In regard to the Sun. It Is very freely illustrated. 

Chemical History of the Six Days of Creation. 

By John Phin, author of " How to Use the Microscope." 12mo., Cloth 75c, 
In this volume an attempt is made to trace the evolution of our globe from 
the primeval state of nebulous mist, *' without form and void," and existing lu 
•-' darkness," or with an entire absence of the manifestations of the physical 
forces, to the condition in which it was fitted to become the habitation of man. 
While the statements and conclusions are rigidly seientiflc, It gives some ex- 
ceedingly novel views of a rather hackneyed subject. 

Microscope Objectives. 

The Angular Aperture of Microscope Objectives. By Dr. George E. Black- 
ham. 8vo., Cloth. Eighteen fUll page illustrations printed on extra iine 
paper, $1-25 

This is the elaborate paper on Angular Aperture, read by Dr. Bljickham before 
the Microscopical Congress, held at Indianapolis. 

Marvels of Pond Life. 

A Year's Microscopic Recreations Among the Polyps, Tnrusoria, Rotifers, 
Water Bears and Polyzoa. By Henry J. Slack, F. G. S., F. R. M. S., etc. 
Second Edition. Sev(Mi full page Plates and Numerous Wooil Engravings 
in the text. 12mo., Cloth, $1.00 






i^^ction Cutting. 

A. Practical Guide to the Preparation and Mounting oi 
Actions for the Microscope ; Special Prominence being 
^^ven to the Subject of Animal Sections By Sylvester 
• JIarsh. Eeprinted from the London edition. With 
Illustrations. 12mo., Cloth, Gilt Title. • 75 centa 

This is undoubtedly the most thorough treatise extant upon sectic* 
cutting m all its details. The American edition iias been greatlj 
enlarged by valuable explanatory notes, and also by extended direc- 
tions, illustrated vrith engravhigs, for selecting and sharpening 
knives and razors. 

A Book for Beginners wSth the RTJcrosccpe. 

Being an abridgment of " Practical Hints on the Selection 
und Use of the Microscope." By JohnPhin. Fully illus- 
trated, and neatly and strongly bound in boards. 30 cts. 
This book was prepared for the use of those who, having no know- 
ledge of the use of the microscopa, or, indeed, of any scientific appar- 
ntus, desire simple and practical instruction in the best methods o\ 
managing the instrument aad preparing objects. 

How to Use the Microscope. 

" Practical Hints on the Selection and Use of the Mlcro- 
scrope." Intended for Beginners. By John Phin, 
Editor of the "American Journal of Microscopy." 
Fourth Edition. Greatly enlarged, with over 80 engrav- 
ings in the text, and 6 full-page engravings, printed on 
heavy tint paper. 12mo., cloth, gilt title, - $1.00 

The Microscope. 

By Andrew Boss. Fully Illustrated. 12mo., Cloth, 

Gilt Title. 75 cents. 

This is the celebrated article contributed by Andrew Boss to the 
"Penny Cyclopeedia," and quoted so frequently by writers on thff 
Microscope Carpenter and Hogg, in the last editions of their works 
on the Microscope, and Brooke, in his treatise on Natural Philoso- 
phy, all refer to this article as the best source for full and clear 
information in regard to the principles upon which the modem 
achromatic Microscope is constructed. It should be in the library 
of every person to whom the Microscope is more than a toy. it Ui 
written in simnle language, free from abstruse technicalities. 



POVRTH EDITION. Greatly Enlarged, with over 80 iUnsiraiumt in ik* Texi 
dt,d t full pagt EngravingSy printed on Heavy Tint J^aper. x Vol. i2mo.t 240 
ptges. Neatly Bound in Cloth, Gilt Title. PHce^i.oo. 

HOW TO USE THE MICROSCOPE. 

A SIMPLE AND PRACTICAL BOOK, INTENDED FOR BEGINNERS. 

By JOHN PHIN, 
Editor of *' The American yournal 0/ Microscopy.** 



CONDENSED TABLE OF CONTENTS. 

The Microscope. — What it Is; What it Does; Different Kinds of Microscopes; 
I'rinciples of its Construct on ; Names of the Different Parts. 

Simple Microscopes. —Hand Magnifiers; Doublets; Power of Two or More 
Lenses When Used Together; Stanhope Lens; Coddington Lens; Achromatic 
Doublets and Triplets ; Twenty-five Cent Microscopes — and How to Make Them; 
Penny Microscopes, to Show flels in Paste and Vinegar. 

DiaSECTiNG MICROSCOPES. — Essentials of a Good Dissccting Microscope. 

Compound Microscopes. — Cheap Fo.eign Stands; The Ross Model; The Jackson 
Model; The Continental Model; The New American Model; Cheap American 
Stands; The Binocular Microscope; The Binocular Eye-piece; The Inverted Micro- 
scope; Lithological Microscopes; The Aquarium Microscope; Microscopes for 
Special Purpo es; "Class" Microscopes. 

Objectives. — Defects of Common Lenses; Spherical Aberration; Chromatic do. ; 
Corrected Objectives; Defining Power; Achromatism; Aberration r . Form; Flatness 
of Field; Angular Aperture; Penetrating Power ! Working Di<ttan .;;; Immersion and 
"Homogeneous" Lenses; I) plex Fronts; French Triplets, etc., f£C. 

Testing Objectives.-— General Rules; Accepted Standards — Diatoms, Ruled 
Lines, Artificial Star; Podura; Nobert's Lines; Moller's Probe Platte, etc., etc. 

Selection of a Microscope — Must be Adapted to Requirements and Skill of 
User; Microscopes for Botany; For Physidans; For Students. 

Accessory Apparatus. — Sta^e Forceps; Forceps Carrier; Plsdn Slides; Concave 
Slides; Watch- Glass Holder; Animalcule Cage; Zoophyte Trough; The Weber Slide; 
The CeQ-Trough; The Compressorium ; Gravity Compressonum; Growing Slides; 
Frog Plate; Table; Double Nose-piece. 

Illumination.— -Sun-Light; Artificial Light— Candles, Gas, Lamps, etc., etc 

Illumination of Opaque Objects. — Bulls- Eye Condenser; Side Reflector; The 
Lieberkuhn; The Parabolic Reflector; Vertical Illuminators. 

Illumination op Transparent Objects.— Direct and Reflected Light; Axial or 
Central Ligh ; Oblique Light ; The Achromatic Condenser; The Webster Condenser, 
and How to Usei*^ ; Wenham's Reflex Illuminator, and How to Use it; The Wenham 
Prism; The "Half-Button;" The Woodward Illuminator; Tolles' Illuminatmg 
Traverse Lens; The Spot Lens; The Parabolic Illuminator; Polarized Light. 

How TO Use the Microscope. — General Rules; Hints to Beginners. 

How TO Use Objectives of Large Aperture. — CoUar-Correction, etc. 

Cars of the Microscope. — Should be Kept Covered ; Care of Objectives : Pre- 
cautions tr be Used when Corrosive Vapors and Liquids^ are Employed ; .To Protect 
th Obj'ectivftsfirom Vapors which Corrode Glass; Cleaning the Objectives; Cleaning 
th Brass Work, 

Collecting Obiects— Where to Find Objects ; What to Look for; How to Capture 
Them. 

Thb Preparation and Examination of Objects.— Cutting Thin Sections of 
So^ Substances; Valentine's Knife ; Sections of Wood and Bone; Improved Section 
Cutter; Sections of Rock; Knives ; Scissors ; Needles ; Dissecting Pans and Dishes ; 
Dissecting Microscopes; Separation of Deposits from Liauids; Preparing Whole 



Preservative Processes. — General Principles ; Preservative Media. 
Apparatus for Mounting Objects.— Slides; Covers; Cells; Tum-Tables, etc. 
Cements and Varnishes.— General Rules for Using. 

Mounting Objects. — Mounting Transparent Objects Dry; in Balsam; in Liquid*' 
Whole Insects; How to Get Rid of Air-Bubbles; Mounting Opaque Obiects. 
Finishing THE Slides. — Cabinets; Maltwood Finder; Microscopical Fallacies. 



A NEW SMMISS OF rSACTXCAZ BOOKS* 

WORK MANUALS. 

The intention of the pubhshers is to give in this Series a number of small books wMdi 
will give Thorough and Reliable Information in the plainest possible language, upon the 

Each volume will be by some one who is not only practically familiar with his subject, 
but who has the ability to make it clear to others. The volumes will each contain from 
50 to 75 pages , will be nea^^r and clearly printed on good paper and bound in tough 
and durable binding. The price will be 2S cents each, or five for One DoWmt, 

The following are the titles of the volumes abready issued. Odiers will follow at 
short intervals. 

I. Cements and Glue. 

A Practical Treatise on the Preparation and Use of All Kinds of Cements, Glue 
and Paste. By John Phin, Editor of the Young Scientist and the A 9Merican 
yournal of Microscopy 
Every mechanic and householder will find this volume of almost everyday use. It 

contains nearly 200 recipes for the preparation of Cements for almost every conceivable 

purpose. 

II. The Slide Rule, and How to Use It. 

This is a compilation of Explanations, Rules and Instructions suitable for mechanics 
and others interested m the mdustrial arts. Rules are given for the measurement of 
all kinds of boards and planks, timber ir. the round or square, glaziers' work and paint- 
ing, brickwork, paviors work, tiling and slating, the measurement of vessels of various 
shapes, die wedge, inclined planes, wheels and axles, levers, the weighing and meas- 
urement of metab and all solid bodies, cylinders, cones, globes, octagon rules and 
formulae, the measurement of circles, and a comparison of French and English measures, 
with much other infonnation, useful to builders, carpenters, bricklayers, glaziers, 
paviors, slaters, machinists and other mechanics. 

Possessed of this little Book and a good Slide Rule, mechanics might carry in their 
pockets some hundreds ot times the power of calculation that they now have in the:.^ 
heads, and the use of the instrument is very easily acquired. 
m. Hints for Painters, Decorators and Faperhang^ers. 

~ stions 



)r Mixmg. 
Preparea 
with Special Reference to the Wants of Amateurs. By an Old Hand. 
IT. Construction, Use and Care of Drawing; Instruments. 

Being a Treatise on Draughting Instruments, with Rules for their Use and Care, 
Explanations of Scale-., Sectors and Protractors. Together with Memoranda for 
I/raughtsmen, Hints on Purchasing Paper, Ink, Instruments, Pencils, etc. Also a 
Price List of all materials required by Draughtsmen. Illustrated with twenty-four 
Explanatory Illustrations. By Fred. T. Hodgson. 

v. Tlie Steel Square. 

Some Difficult Problems in Carpentry and Joinery Simplified and Solved by the 
aid of the Carpenters' Steel Square, together with a Full Description of the Tool, 
and Explanations of the Scales, Lines and Figures on the Blade and Tcmgue, and 
How to Use them in Everyday Work. Showing how the Square may be Used 
in Obtaining the Lengths and Bevels of Rafters, Hips, Grrans, Braces, Brackets, 
Purlins, Collar-Beams, and Jack-Rafters.^ Also, its Application in Obtaining 
the Bevels and Cuts for Hoppers, Spring Mouldings, Octagons, Diminished 
Styles, etc, etc. Illustrated by Numerous Wood-cuts. By Frbd. T. Hodgson^ 
Author of the "Carpenters' Steel Square." ' 

Note. — This work is intended as an elementary introduction for the use of those who 

bave not time to study Mr. Hodgson's larger work on the same subject. 



THE WORKSHOP COMPANION. 

A Collection of UseAil ancl Reliable Reeipe% 

Rules, Proeesses, IVIetliods, Wrinkles, 

and Practical Hints, 

FOR TBLE MOrS£MOM.n ^JTn TME SMOJP. 



CONXEISTTS. 

Abyssinian Gold :*Accidenb«, General Rules; — Alabastefi how to work, polish and 
clean; — Alcohol; — Alloys, rules for making, and 26 recipes; — Amber, how to work, 
polish and mend; — Annealing and Hardening glass, copper, steel, etc.; — Arsenical 
Soap; — Arsenical Powder; — Beeswax, how to bleach; — Blackboards, how to make; — 
Brass, how to work, polish, color, varnish, whiten, deposit by electricity, clean, etc., 
etc. ; —Brazing and Soldering ; — Bronzing brass, wood, leather, etc. ; — Bums, how to 
cure; — Case-hardening; — Catgut, how prepared; — Cements, general rules for using, and 
56 recipes for preparing; — Copper, working, welding, depositing; — Coral, artificial; — 
Cork, working; — Crayons for Blackboards; — Curling brass, iron, etc.; — Liquid Cu- 
ticle;— Etching copper, steel, glass ; — Eye, accidents to; — Fires, to prevent; — Clothes on 
Fire; — Fireproof Dresses; — Fly Papers; — Freezing Mixtures, 6 recipes; — Fumigating 
Pastils; — Gilding metal, leather, wood, etc.; — Glass, cutting, drilhng, turning m ^e 
lathe, fitting stoppers, removing tight stoppers, powdering, packing, imitating ground 
glass, washing glass vessels, etc. ; — Grass, Drj', to stain ; — Guns, to make shoot close, 
to keep from rusting, to brown the barrels of, etc., etc."; — Handles, to fasten ;— Inks, 
rules for selecting and preserving, and 34 recipes for; — Ink Eraser; — Inlaying;— Iron, 
forging, welding, case-hardening, zincing, tinning, do. in the cold, brightening, etc, 
etc. ; — Ivory, to work, polish, bleach, etc. ; — ^Javelle Water; — ^Jewelry and Gilded Ware, 
care of, cleaning, coloring, etc. ; — Lacquer, how to make and apply; — Laundry Gloss; — 
Skeleton Leaves; — Lights, signal and colored, also for tableaux, photography, etc, 25 
recipes;— Lubricators, selection of, 4 recipes for;— Marble, working, polishing, clean- 
ing; — Metals, polishing ; — Mirrors, care of, to make, pure silver, etc., etc.; — Nickel, 
to plate with without a battery; — Noise, prevention of; — Pamting Bright Metals; — 
Paper, adhesive, barometer, glass, tracing, transfer, -jvaxed, etc.; — Paper, to clean, take 
creases out of, remove water stains, mount drawing paper, to prepare for varnishing, 
etc, etc. ;— Patina;— Patterns, to trace;— Pencils, indexible ;— Pencil Marks, to fix;— 
Pewter; — Pillows for Sick Room, cheap and good ;—Pla!:icr-of- Paris, how to work; — 
Poisons, antidotes for, 12 recipes; — Polishing Powders, preparation and use of (six 
pages);— Resins, their properties, etc.; — Saws, how to sharpen: — Sieves; — Shellac, 
properties and uses of; — Silver, properties of, oxidized, old, cleaning, to remove ink 
stains from, to dissolve from plated goods, etc., etc.;— Silvering metals, leather, iron, 
etc ; — Size, preparation of various kinds of; — Skins, tanning and curing, do with hair 
on ; — Suins, to remove from all kinds of goods ; — Steel, tempering and working (six 
pages); — Tin, properties, methods of working; — Vami.sh, 21 recipes for;— Vamishmg, 
directions for;— Voluic Batteries; — Watch, caK of; — Waterproofing, 7 recipes for; — 
Whitewash; — Wood Floo.-s, waxing, staining, and polishing; — Wood, polishing; — 
Wood, staining, 17 recipes; — Zinc, to pulverize, black varnish for. 

lU closely-printed pages, neatly bound. Sent bv mail for 36 cents 
(postage stamps received). 



NETT DESIONS 



FOB 



Eret or Scroll Sawyers. 



MR. F. T. HODGSON, whose admirable series of articles on the USE OF THE 
SCROLL SAW are now in course of publication in the Young SaKNTisT, has pre- 
j9ared for us a series of 

of which the following is a list : 

No. X. — lliis shows one side, back, and bottom, of a pen rack. It may be made 
of ebony, walnut, or other dark wood. 

No. 2.-^Design for inlaying drawer fronts, table lops, box lids, and many other 
things. It is a sumach leaf pattern. 

No. 3. — Design for a thermometer stand. It may be made of any hard wood or 
alabaster. The method of putting together is obvious. 

No. 4. — This shows a desien for a lamp screen. The open part may be covered 
with tinted silk, or other suitable material, with some appropriate device worked on 
with the needle, or, if preferred, ornaments may be painted on the silk, etc. 

No. 5. — A case for containing visiting cards. Will look best made of white holly. 

No. 6.— A placque stand, it may be made of any kind of dark 01 medium wood. 

No. 7. — A design for ornaments suitable for a window cornice. It should be 
made of black walnut, and overlaid on some light colored hard wood. 

No. 8 — ^A design for a jewel casket This will be very pretty made of white holly 
and lined with blue velvet. It also looks well made of ebony lined with crimson. 

No. 9. — Frame. Will look well made of any dark wood. 

No. 10. — Frame. Intended to be made in pau^. Looks well made of white holly, 
with leaves and flowers painted on wide stile. 

No. II.— Horseshoe. Can bemadeof any kind of wood and used for a pen rack. 
When decorated with gold and colors, looks very handsome. 

^ No. 12. — Design for a hinge strap. If made of black walnut, and planted on a 
white or oaken door, will look well. 

No. 13. — Design for a napkin ring. May be made of any kind of hard wood. 

No. 14. — Hinge strap for doors with narrow stiles. 

No. 15. — Centre ornament for panel. 

No. x6. — Corner ornament for paneL 

No. 17. — Key-hole escutcheon. 

These designs we have had photo-lithographed and printed on good paper, so that 
the^ outlines are sharp, and the opposite sides of each design symmetrical. Common 
designs are printed from coarse wooden blocks, and are rough and unequal, so that 
it is often impossible to make good work from them. 

The series embraces over forty different pieces, and designs of equal quality cannot 
be had for less than five, ten or fifteen cents each. We offer them for twenty-five 
cents for the set, which is an average price of only one cent and a half each. 

^^ailed (o any address on receipt of price. 
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REDUCED FIGURES OF 



HEW DESIGNS FOR FRET OR SCROLL SAWYERS. 

SIZE OP SHEETS 98 BY 33 INCHES. 

(Jbr description see preeecUng page,) 
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This book should be returned to 
the Library on or before the last date 
stamped below. 

A fine of five cents a day is incurred 
by retaining it beyond the specified 
time. 

Please return promptly. 
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